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1 Introduction
1.1 MonTec package overview

The MonTec Particle Optics Simulation Tools package supports the design and optimization of particle
optical systems in which the impact of Coulomb interactions on the system performance is significant,
e.g.:

e Electron- and ion-beam lithography systems

e Low-voltage scanning electron microscopes

e High brightness electron- or ion-sources

The MonTec package consists out of two separate, but tightly integrated, programs:

e The MS Excel based INTERAC program to define and analyze particle optical systems, and
e The FORTRAN based MC program to execute Monte Carlo simulations

INTERAC provides the means to define a particle optical system, to apply the analytical models for lens
aberrations and particle interactions, to run and analyze the outcome of Monte Carlo simulations and to

compare the outcome of the different theoretical approaches.
1.2 Manual overview

The introduction of this chapter describes the purpose and the design objectives of the MonTec Particle
Optics Simulation Tools package and provides a high-level overview of the underlying theories. Chapter
2 explains how to get started. It covers the hardware and software requirements, the installation
procedure, as well as a quick tour through the various INTERAC program features based on a sample
session. Chapter 3 gives a full description of the INTERAC development environment and takes the
reader through the functionality provided by the various worksheets. The working of the Monte Carlo

simulation program MC is described in chapter 4.

The perspective chosen in chapter 4 is that of a stand-alone operation of the MC program. Some of this
material is less relevant when running the MC program in conjunction with INTERAC, since INTERAC
effectively acts as a shell around the MC program. When running the MC program from the INTERAC
development environment, many tasks that should otherwise be performed by the user - such as the
creation of the input files, the selection of proper values for the various modeling parameters as the
sample size and number of seeds and the scheduling of jobs to run on the background through the
workload mechanism - are taken care off automatically. Chapter 4, on the one hand, serves to provide
insight the basic principles of the MC program which is also relevant for those users who operate the
MC program through the INTERAC development environment and, on the other hand, explains how the
MC operates as a standalone application, which is mainly relevant for those users who want to
understand the details of how the INTERAC and MC programs work together or intend to use the MC
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program on another computer system then a Windows based PC.

Chapter 5 reviews the relevant references to the public literature for further background information on
the theory of the analytical models used for estimating the effect of Coulomb interactions, as well as
the Monte Carlo simulation technique. A sample system is included as part of this manual which is used
to demonstrate the working of both the INTERAC and the MC programs. The output file DEMO1.0OUT of
the sample session is reproduced in Appendix A. Appendix B contains a number of “screen shots” from
the INTERAC program, which may serve to verify if INTERAC is running correctly on your system.

1.3 Theoretical basis

INTERAC provides an integrated capability to apply and compare the following alternative theoretical

approaches to estimate the impact of Coulomb interactions in combination with lens aberrations:

e Monte Carlo Simulation (MC) method: This is a brute force numerical method in which a bunch of
particles with randomly chosen initial coordinates, reflecting the properties of the beam in the
vicinity of the source, is traced through a user defined system. The trajectories are determined by
updating the positions and velocities of each particle at regular time intervals, taking the Coulomb
repulsion experienced from all other particles in the bunch into account. Lenses and other optical
elements can be specified and are modeled in the thin-lens approximation. The ray tracing can be
repeated for a number of bunches, each starting with a different "seed" of initial conditions. The
final coordinates, accumulated from all seeds, are processed in order to reduce the information to a
limited number of characteristic quantities, such as the width of the energy distribution, the

defocusing distance and the spatial broadening in the plane of best focus.

INTERAC provides capabilities to automatically select values for MC parameters such as the sample
size and the number of seeds; to create input files; to schedule batch jobs to run on the background
and to extract and analyze the results stored in the output files of the MC program. The calculation
of the particle trajectories by the MC program can be based on a full numerical algorithm or on the
so-called FAST Monte Carlo Simulation (FMC) algorithm in which the analytical equations for two-
particle interactions are utilized. The MC program allows for a uniform acceleration or deceleration of
the beam in the beam sections in between the optical components (the so-called DRIFT spaces). See

reference R-1 for further background information.

e Analytical method based on the so-called Extended Two-Particle (ETP) Approach: A set of analytical
expressions to estimate the Boersch effect, the trajectory displacement effect and the defocusing
and aberrations caused by space charge effects in a section of the beam. INTERAC breaks the
system down into a number of beam sections, evaluates the impact of Coulomb interactions in each
beam section and sums these contributions to determine the total effect on the system resolution at
the target. The contributions of lens aberrations are included in thin-lens approximation. Different
equations are incorporated for beam sections with a crossover and (nearly) parallel beam sections.

The analytical equations apply to beam sections in drift space and ignore any acceleration or
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deceleration of the beam. INTERAC includes the complete set of equations described in reference R-
1 as well as the modifications for the trajectory displacement effect in broad beams described in ref
R-2.

e Slice method based on a numerical integration of the analytical equations from the ETP-approach
for a thin cylindrical slice of the beam; see reference R-1.The slice method is provides an adequate
approximation in relative low density beams in which the deviations from the unperturbed
trajectories are expected to be small. In terms of the ETP model these conditions correspond to the
so-called Holtsmark and pencil-beam regimes. The slice method provides alternative estimates to
the analytical method based on the same breakdown of the beam in beam sections. Unlike the
analytical method, the slice method is capable to handle a uniform acceleration or deceleration of
the beam in a beam section. The slice method also includes an algorithm to estimate the
broadening of the beam under the influence of its own collective space charge force, using a
laminar flow approximation. The purpose of this function is to validate that such broadening does
NOT occur (since this would indicate that the beam operates at such high particle densities that the
ETP model becomes inaccurate), rather than to estimate the actual space charge effects in this

regime.

INTERAC provides the means to execute the three different methods from the same system description
and to compare the results. The three different methods are complementary in many respects. MC
exploits a brute force computation technique with a minimum number of underlying physical
assumptions. It is therefore relatively slow, but accurate, provided that numerical procedures are
carried out with sufficient caution. The analytical and slice method are based on analytical equations
and provides immediate results since little computation is involved. These results may be less accurate
due to the approximations underlying the analytical model, but provide a direct insight in the
dependencies on the experimental parameters.

The reader is referred to chapter 5 for references to the literature on the theoretical framework used by
INTERAC. Reference R-1 provides a full description of the alternative approaches to calculate the
impact of Coulomb interactions in particle optical systems. The analytical equations derived in this
publication on the basis of the so-called Extended Two Particle approach are used by INTERAC to
calculate the Boersch effect, the trajectory displacement as well as the space charge

The theory outlined in reference R-1 was developed for probe forming systems, such as electron and
ion scanning microscopes and Gaussian or shaped beam lithography systems. Fit-functions are used
within the theory to express part of the numerical output into explicit analytical prescriptions. These
functions were found to become inaccurate for the relatively wide beams typically used in the more
recently developed projection type lithography systems. New fit-functions are presented in reference R-
2 which extend the applicability of the theory to the wide beams and doublet configurations used in

projection systems.
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Reference R-2 also describes some modifications to the Monte Carlo program to account for the first
order space charge magnification effect. This effect could be ignored for the relatively small spots of
Gaussian and shaped beam systems, but would yield a significant overestimation of the trajectory
displacement effect - assumed to be identical to the remaining blur after refocusing - for the wide

images used in projection type of systems.

In the default setting INTERAC employs the full set of equations described in reference R-1, taking the
modifications provided by reference R-2 for the trajectory displacement effect into account. The default
setting can be changed to base all calculations on the original equations of reference R-1, ignoring the
modifications of R-2, to investigate the difference between the two sets of equations for the trajectory
displacement effect.

1.4 MonTec package design objectives

The MonTec Particle Optics Simulation Tools package has been designed to meet the following

objectives:

e Provide an Integrated modeling environment: INTERAC provides an interactive user interface to
specify the properties of a particle optical system consisting out of a particle source, followed by a
succession of particle optical components - such as lenses, quadrupoles, deflectors and apertures -
separated by drift spaces or spaces where the beam is linearly accelerated or decelerated. INTERAC
provides a plot of the system as it is defined, showing the various optical components and the beam
built-up from the first-order primary rays. The system plot is generated dynamically, meaning that
any changes made by the user to the input data are directly reflected in the system plot. The
system description defined this way is used by INTERAC to calculate first order properties of the
beam, the geometrical and chromatic aberrations and the impact of Coulomb interactions. The
same system description is used to execute both the analytical and slice-method calculations and to
generate the input files for the corresponding MC simulation. The results of the MC simulation can
be imported to allow a direct comparison of the results obtained with the analytical approach, the

slice method and the MC simulation.

e Provide automatic parameter selection for analytical and Monte Carlo calculations. Given the system
specification, INTERAC automatically determines the input parameters for the analytical and slice
method calculations based on an analysis of the location of beam crossovers, the location of the
image planes conjugated to the source and the target and the transverse magnifications from these
planes to the source and target respectively. These automatically generated input parameters for
the analytical and slice method can be overwritten by the user if desired. For the Monte Carlo
simulations, INTERAC provides a facility to automatically set some of the key MC model parameters
such as the sample size NSAM and number of seeds NSEED. For this, INTERAC evaluates the
sample length relative to the lateral dimensions of the beam, assuring that some user-specified

critical ratios are met. Based on the selected MC input data, INTERAC also estimates the run time of
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the corresponding MC simulation. These facilities provide the means to balance the run-time and
the expected accuracy of the MC simulation prior to execution. The automatic parameter settings
provided by INTERAC allow the users to carry out analytical calculations and MC simulations without

the need to explore the details of the underlying modeling concepts.

e Provide graphical tools to inspect Monte Carlo results. The various output files generated by the
Monte Carlo programming - containing the general output data, the energy distributions, the
spatial distributions in selected reference planes, the lateral particle positions in selected reference
planes and the complete phase-space co-ordinates of all particles near the target — can be imported
by INTERAC for subsequent analysis. INTERAC automatically create plots of the energy and spatial
distributions, the lateral particle positions in the reference planes, as well as various cross-section
of the phase space co-ordinates near the target. INTERAC thereby provides the means to inspect all
MC results in full detail and replaces the program MCPLOT provided in the previous release of the
MonTec package.

e Provide data management facilities to design and administrate computer experiments: INTERAC
associates each case with a unique run-number and employs series IDs to allow the user to specify
groups of runs. Each run corresponds to a unique user-specified set of MC input and output file
names. Various file manipulations and data storage tasks can be executed for a selected series of
MC runs through a single instruction by the user. Furthermore, INTERAC has incorporated the
means to compare and plot the results of different runs to investigate the dependency on system as

well as model parameters.

e Provide flexibility while assuring maintainability: INTERAC has been designed to provide rich
functionality and extensive flexibility. The user can specify various series of runs to analyze a
particle optical system under different experimental conditions, apply alternative theoretical
approaches, store the corresponding results and create customized plots to analyze trends. The
user may also change various modeling, data-management and plotting parameters to tailor
INTERAC to its specific needs. In order to assure that INTERAC can be properly maintained, default
settings can be retrieved on individual basis or for all parameters as a whole. INTERAC includes

various spreadsheet management functions to restore default settings and clear user data.

Overall, INTERAC has been designed to create a modeling environment that is both powerful and easy
to use. INTERAC provides the means to model particle beam systems quickly without the need for a

detailed understanding of the underlying theory.
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2 Getting started
2.1 Hardware and software requirements

INTERAC runs under Microsoft Excel 97, 2000, 2002 or higher and uses 30 MB of hard disk space or

less, the exact figure depending on the amount of data loaded in to the program.

The MC program requires less than 1 MB of hard disk space for the executable, but the input / output
files can be large depending on the number of particles in the simulation and whether all particle
positions and/or co-ordinates are stored as output (*.POS and *.COR files). The dynamic memory
requirement depends on the settings of the MONTEC.INC file for the maximum number of particles in
the sample (MSAM) and the maximum total number of particles at the target (MTOT). The program MC
has been compiled with MSAM = MTOT = 750,000. When using MC with the maximum total number of
particles (NTOT) of 750,000, it will require about 350 MB of dynamic memory space.

INTERAC works best with a high resolution screen of at least 1280 x 1024 pixels. At lower resolutions,
it may be difficult to get the full width of some of the worksheets on your screen with acceptable
readability. A zoom-button is included on the top of each worksheet to adapt the screen size to the

specific resolution of your monitor.
2.2 Installation

The installation and configuration of the MonTec Particle Optics Simulation Tools package is

straightforward and consists out of the following steps:

e Create a directory structure on your hard disk and copy the MonTec program files. The simplest
way to do this is by copying the complete file structure of the MonTec Program Package CD ROM to
the hard drive of your PC. It is recommended to copy the file structure to the root directory of a
hard drive, for example, the C: drive. When you would copy the default MonTec file structure to the

root directory of the C: drive, you should have the following directories and files:

Directory Reference: Contained files (at installation):

INTERAC.XLS Excel file.

MC run files MC.EXE, RUN.BAT, DELINE.EXE
and MAKEIOF.EXE.

'INTERAC and MC run files

C:\Montec\Run directory’

All demo *.DAT and *.SYS files provided with

C:\Montec\In\Demo 'MC demo input files directory’ the package

None until you have run the demo input files

C:\Montec\Out\Demo 'MC demo output files directory’ with INTERAC/MC

None until you have created your MC input files

C:\Montec\In MC user input files directory with INTERAC.

. . , . , None until you have run your MC input files
C:\Montec\Out MC user output files directory with INTERAC/MC.
C:\Montec\Doc 'INTERAC documentation directory’ MonTec_Manuals.pdf (this file) and

MonTec_Brochure.pps documentation files.

Alternatively, you could also store all run and input/output files in a single directory (e.g.
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\....\Montec). If you decide to take this approach, please bear in mind that every MC run uses two
input files and creates four output files. It may therefore become somewhat of a challenge after a

while to maintain the overview when you store all files in one directory.

NOTE: When using separate directories for the MC run files, the MC input and MC output files (as in
the default setting shown in the table), you should avoid the use long directory names (such as for
example 'C:\ProgramfFiles\ParticleOptics\MonTec\Run\MySystem\In’). INTERAC uses a so-called
‘Execution command line’ (as specified in the second section of the 'Dashboard’ worksheet) to start
MC and assign the input/output files. Long directory names may cause the command line to become
too long (that is over 100 characters) which may cause errors. Hence, the recommendation to place

the MonTec file structure at a root directory.

The core MonTec program files are INTERAC.XLS and MC.EXE. In case you are interested to

understand what the other executable files in the Mc run files directory are doing, here is a brief

overview.
File Function*:
MC.EXE Monte Carlo Executable

BAT file that INTERAC uses to start the MC program and specify the input/output file names
through the parameters added to the RUN command, e.g.:

RUN.BAT C> RUN MC DEMO1 DEMO

Starts MC.EXE and specifies DEMO1.DAT and DEMO1.SYS as input files and DEMO1.0OUT,
DEMO1.COR, DEMOL1.EDI, DEMO1.SDI and DEMO1.POS as output files

MAKEIOF.EXE Utility used by RUN.BAT to create the input/output file list

Utility used by RUN.BAT to delete the first line of the WORKLD.BAT file to assure that the
next run is executed in the next call to WORKLD

DELINE.EXE

(*) Functions are described to indicate the purpose of these programs/utilities: Don't worry about
what these files do, INTERAC does it all for you.

e Start Excel and open INTERAC.XLS. Excel may ask whether you want to Disable or Enable the
macros contained in INTERAC.XLS. Select Enable. When you are running INTERAC for the first time
it will show a so-called activation form in which you are asked to enter the installation code
provided with the package, as well as your name and the name of your organization. The INTERAC
Macro procedures will not run until the correct activation code has been entered. INTERAC will save
the activation code and will not ask for this information again as long as it runs in the same system
environment. At each start-up, INTERAC also inspects a number system and program properties
(such as the Excel version, the regional settings and the screen resolution) and may prompt
remarks when these settings are deviating from the INTERAC required settings. If the settings are
OK and the correct installation code has been entered, INTERAC will show the opening splash-

screen for a few seconds and select the Dashboard worksheet.

e In the worksheet '‘Dashboard’, you should verify if the 'MC run files directory’, the *MC input files

directory’ and the 'MC output files directory’ specified in the top section of the worksheets
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corresponds to the MonTec directory structure. No changes are required when you have taken over
the default configuration listed in the table above. When you have used a different directory
structure you need to modified the directories and/or drives by editing the corresponding fields, or,
alternatively, by pressing the “"Browse” button on the right hand side of the screen and selecting a
directory on the folders window. In case you want to store the MC input and output files in the

same directory as the run files directory, press the button ‘Same as run files’.
2.3 Quick tour and sample session
2.3.1 Worksheets overview

The INTERAC workbook consists of 16 user worksheets, which can - in the regular display mode - be
selected through the worksheet tabs on the bottom of the screen. The table below provides an

overview of the different worksheets and their main function.

Worksheet: Main Function:
Dashboard Central area from which most program functions are controlled
Interactive environment to enter, review and modify all system quantities and to specify the
model parameters for the different calculation methods. The system plot in the top-section
System shows the beam optical components, beam geometry, principal rays based on the data
shown in the sections below. Various sections are included to specify the MC method and the
analytical/slice method parameters.
. Interactive environment to analyze the results of the analytical and slice method for an
Section Lo ;
individual beam section.
MC_in Input data from the DAT and SYS files for the selected run
Output data from the OUT file for the selected run and comparison with the analytical/slice
MC_out
method results.
MC_edi Output data on the energy distribution from the EDI file for the selected run
MC_sdi Output data on the spatial distribution from the SDI file for the selected run
MC_pos Output data on the particle positions from the POS file for the selected run
MC_cor Output data on the particle co-ordinates from the COR file for the selected run
PlotDis Plots of the energy and spatial distribution for the selected run
PlotPos Plots of the final particle positions in the reference plane(s) for the selected run
PlotCor Plots of the final particle co-ordinates in various "position" and "velocity" views
Runs Specification of runs in terms of input and output files identifiers
Results Summary of key input and output data of the MC, analytical and slice method for all runs
User specified plots of the selected results from the worksheet 'Results’ using a labeled
PlotRuns1 . . . .
horizontal axis (e.g. to compare results for various non-related MC parameter settings)
User specified plots of the selected results from the worksheet '‘Results' using a continuous
PlotRuns2 . : . . -
horizontal axis (e.g. to compare results for different settings of a single MC parameter)
About Contains documentation and other general program information
. Program settings on e.g. the main model parameters, numerical and physical constants,
Settings . .
Excel calculation mode, and array sizes.

2.3.2 Spreadsheet conventions and display-controls

Most worksheets contain a mixture of headings, guidelines, input cells, output areas, graphs and

macro-controls, which together constitute the user interface. Before exploring the individual
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worksheets in more detail, it is helpful to understand the meaning of the various cell- and font-colors

and the working of some of the controls used to tailor the worksheet views.

Yellow cells with boldface characters (e.g.| | ) indicate areas where the user can input data

or select options. Yellow cells with regular font, that is non-boldface characters (e.g.| 3 NODF+00 | )

represent data automatically selected by INTERAC, that can be overwritten by the user. Data can be
entered by selecting a yellow cell with the mouse and entering the data. For some cells input data can

be selected from a dropdown list which appears the cell is selected. Yellow cells turn light read

(e.qg. | -3.000E+00 | ) when the data entered deviates from the default setting for that cell and signal
red with a white boldface text font (e.g. ) when the entered data is outside the range of
valid entries.

Grey buttons (e.g. Run iob | ) represent macro controls that can be activated by the user by

pointing and clicking with the mouse. Some worksheets contain checkboxes and radio buttons through

which the user can select specific options.

Some navigation controls are repeated in the top-bar of each worksheet. One such a control is the so-

called ‘Full Screen Mode’ switch ( Full Screen On/Off |). By clicking on this control the user can toggle

the ‘Full Screen Mode’ on and off, with the following effect:

Display mode: Operation:

Full Screen On This mode provides the large working-screen display window by removing the standard Excel
bars (toolbars, tab sheet bars, etc.) from the bottom and the top of the screen, as well as
the slide bar normally on the right side of the screen. INTERAC provides alternative "Sheet
Tabs" for the navigation between worksheets on the top of the screen

Full Screen Off Regular user specified Excel view

Most worksheets have a 'Expand’ and 'Collapse’ control (  Expand and Collapse |) in the top line

to show or hide part of the screen. The System and Section worksheets consist out of various sections
(or areas) which can be shown or hidden on an individual basis through the ‘Expand’ and 'Collapse’
buttons in the headings of each section. All areas can be expanded or collapsed in one go through the

‘Expand all areas’ and 'Collapse all areas’ ( Expand all areas | and Collapse all areas | ) buttons on the

top.

Appendix B contains a number of “screen shots” from the INTERAC program, which may serve to verify

if INTERAC is running correctly on your system.
2.3.3 Demo system

Go to the worksheet 'Systems’. In the default setting, one sees in the top chart (entitled 'System Plot")
a schematic representation of a electron beam projection lithography system resembling the properties
of the SCALPEL Proof of Concept (See reference R-2 for a summary or the original data in S.D. Berger
et al.,J. Vac. Sci. Technol. B 9. 1996 (1991) or S.D. Berger et al., Proc. SPIE 2322, 434 (1994). If

needed press on the ‘Load demo system’ button ( = Load demo svstem | ) on the top left of the System
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worksheet to restore the demo system. The figure below shows the schematics of such a charged
particle projector lithography system.
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The system consist out off five beam sections. Beam section 1 runs from the source to the condenser
lens and condenser aperture, located at the same axial position in the model representation. Section 2
runs condenser lens to reticle. Section 3 from the reticle to the first lens from the doublet. The 4™
beam section contains the beam segment with a crossover in between the two lenses of the doublet.
The 5 and final beam section runs from the second doublet lens to the target. See reference R-2 for
further details and an explanation of the symbols in the figure.

Press on the 'Set-up screen for system input’ ( Set-up screen for svstem inout | ) control to see the

system plot and the systems specification areas in one view. If needed press the 'Collapse’ buttons in
the table sections entitled 'Quadrupoles’ and 'Deflectors’ of the 'Optical Components and Drift Sections’
area. To see the effect of changing the data, select the cell in which the focal distance of the condenser
lens is specified, which is the entry in the 2nd beam section where at the row with the identifier F. The
default entry in the demo system is 0.16 m. You can change the value by typing another value, e.q.
0.12 m. Observe that the change is immediately reflected in the system plot. Another way to change
the value in a yellow cell is to select the cell and then press the ‘'Increase abs’, or 'decrease abs’,

‘Increase %’ , or 'decrease %’ buttons (  |ncreaseabs |,  Decrease abs |, etc.) the top-right hand side

of the System worksheet, which will change the cell entry with the absolute step value or relative %
value, specified next to these buttons. Set the entry back to the value 0.16 m.

Press the '‘Expand all areas' button in the top left of the worksheet. You may want to scroll through the

remainder of the sections in the 'System’ worksheet, which are briefly described in the table below:

Worksheet 'System’ section title: Functionality:

Specifies the scaling of the 'System Plot' and lists the optical properties of

Scaling & Optical Properties the system as derived by INTERAC

User control area to set the ray-tracing as well as some plot parameters of

Ray Tracing & Plot Parameters the 'System Plot’

Source Properties System input for the source properties
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Worksheet 'System' section title:

Functionality:

Optical Components and Drift Sections

System input for the optical components and
drift/acceleration/deceleration spaces in between the optical components

Monte Carlo Simulation Parameters

Input / calculation of the optimum MC model parameters

Analytical  Model  Parameters for
Coulomb interaction Effects

Input parameters for the analytical and slice calculation by beam section.
INTERAC automatically derives this data from the system input data, but
the user may overwrite this data

Analytical Results for Coulomb

interaction Effects

Results of the analytical and slice method calculations and listing of the
selected results from these methods for the total system calculation

Comparison of Analytical Results from
Different Methods and by Beam Section

Results of the analytical and slice method calculations and listing of the
selected results from these methods for the total system calculation

Comparison of Analytical Results from
Different Methods and by Beam Section

Set of charts to compare the results obtained with the different methods as
well as the contribution of the different beam sections relative to the total
effect at the target

Analytical Results for Total

Spread

Energy

Results for the total energy spread at the target obtained by adding the
energy broadening caused by the Boersch effect to the source energy
spread (specified as system input)

Analytical Results for Total Probe Size

Total system resolution and breakdown in Coulomb interaction effects,
geometrical spot size and lens aberrations.

User Specified Curves

Facility to evaluate the Coulomb interaction effects and total probe size
contributions as function of a range of values for one or more system input
parameters specified by the user and set of charts to plot the results

Output tables

Listing of the results obtained for the 'User Specified Curves'

2.3.4 Executing a Monte Carlo simulation of the DEMO system

Select the worksheet 'Dashboard” and enter 1 as the 'Selected run no.’. The MC input file names given
in the section ‘Input and Output File Names For Selected Run’ should now be DEMO1.DAT and
DEMO1.SYS. All indicated file names are derived from the Data run identifier and System file identifier,

which are for the selected run 1 both equal to ‘DEMO1’ as indicated in top section of the ‘'Dashboard’.

The file identifiers are specified in the worksheet 'Runs’. Go to the worksheet 'Runs’' and have a look at

the various demo runs defined in this table. In the default setting the following runs and run series are

specified:
Run Series ID System parameters MC parameters
1 Default I(uA)=10, V(kV)=100 automatic, DRIFT2
NSAM=200-20000; NSEED=100-1,
2-8 DEMO-TS I(uA)=100, V(kV)=100 DRIFT2
9-15 DEMO-IS I(uA)=1-200, V(kV)=100 automatic, DRIFT2
16-21 DEMO-VS I(uA)=10, V(kV)=5 - 200 automatic, DRIFT2
22-24 DEMO-1S-D1 I(uA)=1, 10, 100, V(kV)=100 automatic, DRIFT1
25-30 Systems Various systems included for

demonstration purposes. automatic, DRIFT2

Go back to the worksheet '‘Dashboard’” and do the following to carry out the Monte Carlo simulation for

this system:
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e Make sure that 1 is the selected run no. and that the check-boxes in the left part of the 'Monte
Carlo Simulation’ section are checked (instructing INTERAC to copy system data to MC_in and to
export both the MC SYS and the MC DAT file).

e Press 'Export files” ( Export files |) in the 'Monte Carlo Simulation’ section. If the DEMO1.SYS and
DEMO1.DAT file already exist in the MC input files directory, INTERAC will ask if you want

to overwrite these files. In that case, press YES. You may want to press 'Edit files’

( Edit files | ) to see how the exported files look like. This control should open two

Notepad windows containing the DEMO1.SYS and DEMO1.DAT file respectively (You may specify a
different editor than Notepad in the worksheet ‘Settings’). Close both Notepad windows.

e Now press 'Run job’ ( Run iob | ) in 'Monte Carlo Simulation’ section. You should now see a

command prompt (DOS) window with the MC screen. On a 3.0 GHz Pentium IV machine with
running Excel 2002 under Windows XP, the program should finishes in about 10 sec.
Import

“checked”
e No press 'Import checked files’ ( files ) in the 'Data analysis section’ of the '‘Dashboard’

worksheet (Make sure that all files are checked in the left area). You should now see messages that
all files are read, analyzed and stored successively. If everything works properly, there shouldn't be

any error messages in the '‘Dashboard’, 'System’ or the 'Section’ worksheets.

Congratulations, you have just carried out some of the core INTERAC functions: You have defined a
particle optics system, exported the MC input files, executed an MC simulation and imported the
results. The analytical and slice calculations have been performed automatically when INTERAC
imported the MC.DAT and MC.SYS files. Press the 'Store data for selected run’ button in the 'Data
Storage to Worksheet Results’ section of the '‘Dashboard’ worksheet. You may now wish to inspect the
results of the MC run and the corresponding analytical calculation. Have a look at the worksheets
MC_in, MC_out, PlotDis, PlotPos and PlotCor.

2.3.5 Exploring individual beam sections

Go to the worksheet 'Section'. In the default setting, one sees in the top chart (entitled 'Plots of Key
Results for Beam Section .... ") three groups of plots. The plot on the left shows the geometry of the
selected beam section. The three plots in the middle show the results of both the analytical and the
slice method for the Trajectory displacement effect, the Boersch effect and the Space charge defocus
obtained respectively. The plot to the right indicates how these effects are — as evaluated by the slice
method - built-up over the beam section. You may want to use the 'Previous section' and 'Next section’
buttons on the top left-hand side of the worksheet to investigate other beam sections from the optical
system defined in the worksheet 'System’'. Press the 'Expand all areas' button in the top left of the
worksheet and scroll through the remainder of the sections, which are briefly described in the table

below:
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Worksheet 'Section’ section title:

Functionality:

Plots of Key Results for Beam Section ...

Beam section geometry plot, charts to compare the results obtained with
the analytical and slice method and a slice-method generated chart
depicting the built-up of the Coulomb interaction effects in the beam
section

Plot Parameters & Key Results

User control area to set plot parameters of the charts in the top section
and a listing of the key results shown in the middle charts

Beam section ... Input Parameters

Input parameters used for the calculation of the Coulomb interaction
effects in the beam section

Calculated Theoretical Parameters

Derived theoretical parameters as used in the ETP model, see ref. R-1, R-2
or R-3.

Calculated interaction Effects

Full list of results obtained with the analytical method and the slice method

I and V curves Calculation and Plots

Facility to evaluate the Coulomb interaction effects in the beam section for
a range of beam currents and beam potentials

Output tables

Listing of the results obtained for the 'I and V Curves'
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3 INTERAC development environment
3.1 INTERAC program overview
3.1.1 Worksheets overview

The INTERAC workbook consists of 16 user worksheets, which can - in the regular display mode - be
selected through the worksheet tabs on the bottom of the screen or - in full screen mode - through the
controls on the top of the screen. This table below describes the main function of each worksheet. A

more detailed overview is given in the next section.

Worksheet: Main Function:
Dashboard Central area from which most program functions are controlled
interactive environment to enter, review and modify all system quantities and to specify the
model parameters for the different calculation methods. The system plot in the top-section
System shows the beam optical components, beam geometry, principal rays based on the data
shown in the sections below. Various section are included to specify the MC method and the
analytical/slice method parameters.
Secti interactive environment to analyze the results of the analytical and slice method for an
ection Lo .
individual beam section.
MC_in Input data from the DAT and SYS files for the selected run
Output data from the OUT file for the selected run and comparison with the analytical/slice
MC_out
method results.
MC_edi Output data on the energy distribution from the EDI file for the selected run
MC_sdi Output data on the spatial distribution from the SDI file for the selected run
MC_pos Output data on the particle positions from the POS file for the selected run
MC_cor Output data on the particle co-ordinates from the COR file for the selected run
PlotDis Plots of the energy and spatial distribution for the selected run
PlotPos Plots of the final particle positions in the reference plane(s) for the selected run
PlotCor Plots of the final particle co-ordinates in various "position" and "velocity" views
Runs Specification of runs in terms of input and output files identifiers
Results Summary of key input and output data of the MC, analytical and slice method for all runs
User specified plots of the selected results from the worksheet 'Results’ using a labeled
PlotRuns1 . . . .
horizontal axis (e.g. to compare results for various non-related MC parameter settings)
User specified plots of the selected results from the worksheet '‘Results' using a continuous
PlotRuns2 . : . . -
horizontal axis (e.g. to compare results for different settings of a single MC parameter)
About Contains documentation and other general program information
. Program settings on e.g. the main model parameters, numerical and physical constants,
Settings . .
Excel calculation mode, and array sizes.

3.1.2 Functionality per worksheet
Dashboard

The 'Dashboard' worksheet groups the key user controls (meaning macro buttons that activate Visual
Basic routines) and entry fields to specify the user workspace; to import and export files; to schedule

MC batch jobs for background processing; to perform data analysis and calculations; to store results to
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memory and to execute spreadsheet management functions (such as the clearance of user data and

the reset of the program to its default settings).
System

The 'System’' worksheet provides an interactive environment to enter, review and modify all particle
optical system variables and parameters and to specify the model parameters for the different
methods. An implicit ray-tracing module displays the beam envelope, the primary rays, the properties
of the source, the optical components and the drift, acceleration or deceleration spaces in between the
components. The optical properties such as the angular and spatial distributions, optical planes
conjugated to the source and the target respectively and corresponding magnifications are estimated

by the program to automate the input for the analytical and the slice method.

The program has the capability to advice on or automatically select the optimum MC parameters - such
as the sample size and the number of seeds - based on the properties of the beam and certain criteria
set by the user, such as the minimum sample length relative to the lateral dimensions of the beam. All
parameters can be overwritten by the user if desired.

The system plot and main optical and MC parameters can be shown in a separate window by pressing

the macro button 'show system plot in separate window’ ( Show system plot in separate window )

on the 'System’ worksheet. This function can also be called from some of the other worksheets (e.g.

'‘Dashboard”) through the corresponding macro button ( Show system |). This functionality is provide

to obtain a quick snapshot of the essential data derived from the *.sys and *.dat files at any location in
the INTERAC workbook.

The analytical and slice method calculations are executed and stored on a per beam section basis. The
total system results are derived by adding the results obtained for the different beam sections
constituting the total system. Various controls are included to calculate the results for an individual
beam section or for all sections in one go. The total system evaluation can be based on the analytical
method only, the slice method only or a mix and match of the methods on a per beam section basis,
referred to as the "selected results". In the default mode the program automatically selects the best
method per beam section and the type of analytical equations used (that is the equations for a beam
section with crossover or a parallel beam section). The ‘System’ worksheet includes facilities to
calculate and plot the analytical/slice method results for various user specified ranges of system input

variables in order to analyze the dependency of the system performance on these parameters.

The system data can be stored to file using the formats used by the MC program. The MC program
uses two type of input files, the so-called 'system’ file (with extension .SYS) in which the general,
mostly “fixed”, properties of the source and the optical components are stored and the so-called 'data’
file (with extension '.DAT') in which the “variable” properties such as the beam current and related MC

parameters as the sample size and number of seeds are stored. See chapter 4 for further details. No
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separate storage is required for the specific input for the analytical and the slice method since all input
parameters for these methods are - in the default mode - automatically generated by the program on
the basis of the information from the MC SYS and DAT files.

Section

The 'Section’ worksheet provides the means to inspect the results of the analytical and slice method
per beam section in more detail. The properties of the individual beam sections can be copied from the
'System' worksheet. This input can be subsequently modified to analyze the dependency on the model
parameters. The analytical and slice method calculations are dynamic, which means that the results are
shown immediately after the input has been entered. Ranges of results, denoted as 'user curves' can
be generated to assess the dependency of the Coulomb interactions on the beam current and beam
voltage. These curves are calculated be means of control buttons and stored to the output areas on this
worksheet. The data is plotted in various graphs. The ‘Section’ worksheet is used by the 'System’

worksheet to calculate the interaction effects in the individual beam sections.
MC_in, MC_out, MC_edi, MC_sdi, MC_pos, MC_cor, PlotDis, PlotPos and PlotCor

The data read from the various MC input and output files is stored in the worksheets MC_in (".DAT' and
.SYS' files containing the system and MC parameters input data), MC_out (.OUT' file containing the
general output data), MC _edi ('.EDI' file containing the energy distributions at the target), MC_sdi
(".SDI' file containing the spatial distributions in the selected reference planes), MC _pos (".POS’ file
containing the lateral particle positions in the selected reference planes) and MC_cor (.COR' file
containing the complete phase-space co-ordinates of all particles near the target). The energy and
spatial distributions are plotted in the worksheet PlotDis and the worksheet PlotPos and PlotCor contain
graphs of the positions data and co-ordinates data respectively. These worksheets provide the means
to inspect all MC results in full detail and replace the program MCPLOT provided in the previous release
of the MonTec package.

The worksheets MC.pos and MC_cor contain a Macro button ( ShowVectorPlot ) to generate a so-

called vector plot showing the displacements from the unperturbed to the perturbed positions. The
results are best visible for a limited sample of particles and the user may vary the sample size and

I"

“scroll” through the total positions data set by means of the 'next’ and 'previous’ buttons in the bottom
section of the vector plot window. When generating the vector plot from the PlotPos worksheet, the
user has the option to select the perturbed and unperturbed particles positions from different sections
of the POS file. Typically, the first section corresponds to the Gaussian image plane of the system and
the second section to the plane of best focus. By comparing the unperturbed positions from the first
section (Gaussian image plane) to the perturbed positions from the second section (plane of best
focus) one obtains the “standard” vector plot, which is - in the default settings - also generated in the

PlotCor worksheet.
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Runs, Results, PlotRuns1 and PlotRuns2

The worksheet 'Runs' facilitates the file management of all user specified MC runs. The file ID's (that is
the file names minus the standard extensions) corresponding to each run are listed on this sheet and
associated with a unique run-number. The results of the various MC and analytical calculations are
stored in the worksheet 'Results’ using the run-number as the primary key. The worksheets PlotRuns1

and PlotRuns2 provide the capability to compare selected results from different runs.
Settings

All key model parameters are aggregated in the worksheet 'Settings'. The user can modify all settings

as desired and simply restore the defaults through the corresponding program controls.
3.1.3 Program conventions

Cell- and font-colors are used systematically to indicate what type of information is displayed; to
separate input from output fields and to highlight non-default or invalid input. The main program

conventions with respect to cell- and font-colors are the following:

Description: Example:

Worksheet headings: About INTERAC

Worksheet section headings and user instructions: [Input and Output File Names for Selected Run: 1

Error messages, warnings or notifications: Error reading EDI file: File is empty - No data read.

Bold numbers are 'hard' input: ‘ 1234‘
Normal font numbers represent derived data (that is calculated or linked data): ‘ 1234‘
Yellow boxes with bold numbers denote areas where the user may enter data 1234|

to specify input:

Yellow boxes with normal font numbers denote program generated input data
h ) 1234
that may be overwritten by the user:

Yellow boxes turn 'signal' red with a white text font when the data entered
by the user is invalid (out of range):

Yellow boxes turn 'brick' red with a black text font when the data entered 1234
by the user deviates from the default setting:

Data read from file is shown in light blue area: ‘ 1234‘

Key calculation results are shown in light gray areas: ‘ 1234‘

3.1.4 Display modes

A so-called ‘Full Screen Mode’ switch is located in the top bar of each worksheet. It switches the 'Full

screen mode' on and off, with the following effect:
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Display mode: Operation:

Full Screen On This mode provides the large working-screen display window by removing the standard Excel
bars (toolbars, tab sheet bars, etc.) from the bottom and the top of the screen, as well as
the slide bar normally on the right side of the screen. INTERAC provides alternative "Sheet
Tabs" for the navigation between worksheets on the top of the screen

Full Screen Off Regular user specified Excel view

The ‘System’ and ‘Section’ worksheets consist out of various sections (or areas) which can be shown or
hidden on an individual basis through the '‘Expand’ and 'Collapse’ buttons in the headings of each
section. All areas can be expanded or collapsed in one go through the 'Expand all areas’ and 'Collapse
all areas’ buttons on the top. Other worksheets have a single 'Expand’ and 'Collapse’ control in the top

line to manage the worksheet view.
3.1.5 Worksheet protection

The structure of the workbook as a whole, the individual worksheets and the Visual Basic Code for the
various controls are protected to prevent unintended modifications of the code. The graphs can be
unlocked for modification by the user through the 'Unlock charts’ controls on the top of the worksheets.

The graphs are automatically (re)locked when the user executes an arbitrary control routine.
3.2 INTERAC program functionality
3.2.1 System specification

Go to the worksheet 'System' and press the macro control 'Set-up screen for system input' on the right
top of the worksheet. You will now see the 'System plot' on top and below that the 'Source Properties’
and 'Optical Components and Drift Sections' with the corresponding input data. You can reset the input
to the Default/Demo system by pressing the macro Control '‘Load demo system'. Alternatively you can
create your own system data from a basic data set by pressing the macro control 'Reset for new
system'. The ray-tracing and the corresponding 'System Plot’ creation is performed dynamically,
meaning that any changes that you make to the input data are directly reflected in the System Plot

(Provided that that the Excel calculation mode is set to '‘Automatic’, see worksheet 'Settings").

To see the effect of changing the data, select the cell in which the focal distance of the condenser lens
is specified, which is the entry in the 2nd beam section where at the row with the identifier F. The
default entry in the demo system is 0.16 m. You can change the value by typing another value, e.g.
0.12 m. Observe that the change is immediately reflected in the system plot. Another way to change
the value in a yellow cell is to select the cell and then press the 'Increase abs’, or 'decrease abs’,
‘Increase %’ , or 'decrease %’ buttons the top-right hand side of the System worksheet, which will
change the cell entry with the absolute step value or relative % value, specified next to these buttons.
Set the entry back to the value 0.16 m.

3.2.2 MC parameter setting

The section 'Monte Carlo Simulation Parameters', located below the system input sections, specifies the
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key MC model parameters. See chapter 4 for an explanation of these parameters. INTERAC provides
the facility to set some of these parameters - the sample size NSAM and number of seeds NSEED in
particular - automatically. Make sure that that sign 'Automatic’ in the title bar of the section (‘Monte
Carlo Simulation Parameters') is switched on to set these parameters automatically. INTERAC also
estimates the MC run time corresponding to the selected input data and settings. The chart in this
section shows the value of the sample length relative to the beam dimensions throughout the system.
INTERAC chooses NSAM and NSEED based on the critical ratios specified on the right side below this
chart.

3.2.3 Analytical calculation

The section 'Analytical Model Parameters for Coulomb interaction Effects' of the 'System’ worksheet
(Expand this section if it is collapsed) shows the input data used for the Analytical and Slice
calculations of the Coulomb interaction effects in the system. INTERAC derives this data automatically

from the system input. See references R-1 and R-2 for further information on these parameters.

The section 'Analytical Results for Coulomb interaction Effects' of the 'System' worksheet (Expand this
section if it is collapsed) contains the output data from the Analytical and Slice calculations by beam
section and for the total system at the target. These calculations are not performed “dynamically”, but
need to be executed by the user through the macro Controls in the top-bar. To calculate the effects in
all beam sections as well as the total effect at the target press the '‘Calc. All' button. If you want to
inspect the input and the analytical calculation for an individual beam section in more detail, press the
button 'Calculate’ above the data corresponding to that beam section. The input data is then copied to
the 'Section’ worksheet where the actual calculations for an individual beam section are executed and
the results are copied back to the corresponding column in the 'System' worksheet. You may then
visit the worksheet 'Section’ to have a closer look at the input and output data for the selected beam
section. The macro controls 'Next section' and 'Previous section’ on the top left of the worksheet
provide an alternative method to load the different beam sections of the total system into the 'Section’
worksheet.

The section 'Comparison of Analytical Results from Different Methods and by Beam Section' of the
'System' worksheet (Expand this section if it is collapsed) shows some charts to compare the results
obtained with the Analytical, the Slice method and the 'Selected methods' for the systems as a whole,

as well as the results obtained with the 'Selected methods' in the individual beam sections.

The section ‘Analytical Results for Total Energy Spread’ of the 'System' worksheet (Expand this section
if it is collapsed) gives the total energy spread at the target resulting from the energy spread of the

source (which is an system input parameter) and the calculated Boersch effect in the system.

The section 'Analytical Results for Total Probe Size' of the 'System' worksheet (Expand this section if it
is collapsed) gives the results for the total probe size based on the 'Selected methods' for the Coulomb

interaction effects and the calculated geometrical aberrations.
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3.2.4 User curves

The results described so far pertain to a single input system setting. Both the worksheet 'Section’ and

the worksheet 'System’ provide the capability to evaluate results for a range of input values:

The worksheet 'Section’ has an area entitled ' I and V Curves Calculation and Plots' were the results
for an individual beam section are shown as function of the beam current and beam potential. Different
'variation modes' can be selected that specify how these quantities are varied. The beam current can
e.g. be varied with a constant brightness by increasing the beam lateral dimensions or by changing the

brightness with a constant beam geometry. The results are listed in the section entitled 'Output tables’.

The 'System' worksheet contains an area entitled 'User Curves’' that provides the facility to calculate
the system performance for a range of input values of selected input variables. Any of system input
quantities can here be selected as the input variable. The worksheet has a facilitate to “customize” the
plots in this section showing the calculation results. The results are listed in the section entitled 'Output
tables'.

3.2.5 Specification of run files

INTERAC associates all input and output files corresponding to an individual MC run and the
corresponding analytical/slice calculations with a unique run-number. The user can group a series of
runs (e.g. for different beam currents in the same system) by entering the same unique Series ID for
all runs in the group. The Series ID mechanism provides the capability to execute certain functions in

INTERAC for all runs in the Series ID group through a single command.
Select the worksheet 'Runs’ and specify the selected 'run’ and 'series of runs' as follows:

e In the column with the heading 'DAT file minus ext. (max 10 char.)' you should enter the DAT file

identifier

e In the column with the heading 'SYS file minus ext. (max 10 char.)' you should enter the SYS file

identifier

e In the column with the heading 'Series ID' you may enter an arbitrary alpha-numerical string for

the runs belonging to a certain series

e You may add any comments in the other columns ('System parameters’, 'MC program parameters’,
'Remarks") to describe the run settings. These columns are added to facilitate the documentation of
the different runs and are not directly used by INTERAC.

Select the worksheet ‘DashBoard’ and specify a run humber in one of the following ways:
e By typing a number in the box entitled 'Selected run no.'

¢ By clicking on the macro command buttons 'Next run in series' or 'Previous run in series’
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e Select another series of runs by clicking on the macro command buttons ‘Next series' or 'Previous
series'. By Entering “All” in the Series ID cell you can select all defined runs through the macro

command buttons 'Next run in series' or 'Previous run in series'’

e In the table with the heading 'Verify Input and Output File Names for Selected Run: ..." you now see

the input and output file names associated with the selected run
3.2.6 Creating MC input data

Once you have defined the system on the worksheet 'System' you can create the corresponding MC
DAT and SYS input files to execute a MC calculation. Vise versa, if you have a system specified through
a MC SYS and a MC DAT file, you can load this data to the 'System’ worksheet by importing these files.
These export/import operations are controlled from the worksheet 'Dashboard' in the third section
(entitled 'Monte Carlo Simulation ...") and the fourth section (entitled 'Data Analysis for Selected Run: 1'

) respectively.

In order to export the MC SYS and DAT files go to third section of the worksheet '‘Dashboard’ entitled
'Monte Carlo Simulation ..." and proceed as follows. Make sure that the appropriate check boxes on the
left side are checked, to ensure that both the DAT and the SYS file are exported. The data that will be
exported to file is listed in the worksheet 'MC_in' in the tables entitled 'MC DAT Input/Output file' and
'"MC SYS Input/Output file'. You may change the input data as specified in the yellow cells of these
tables. If you want to export the data from the worksheet 'Systems’ you should check the
corresponding box (‘Copy system data first ?' ) to instruct INTERAC to copy this data to the MC_in
export area prior to exporting the data to file. You can also execute this copy function from the
'Systems' worksheet to the MC_in import/export areas through the macro control 'Copy system data to

MC_in'"in the top left of the worksheet 'System’.

The MC file structure allows the use of so-called repeat value indicators ("-1.E00", see also chapter 4)
to take-over the last specified the axial co-ordinate (Z) or last specified beam voltage (BV). In the
default program setting (as specified in the table entitled 'MC input file parameters’ in the worksheet
'Settings') the program uses repeat indicators if specified in the MC_in worksheet. You can change the
default setting to always store the actual values for Z and BV entries by changing the corresponding

setting.
3.2.7 Scheduling and execution of MC batch jobs

Select the worksheet 'Dashboard’. In the section entitled 'Monte Carlo Simulation ...." you can use
various macro functions to either directly run the MC simulation for the selected run or to add the run
to the WORKLD.BAT file for batch processing.

Press the macro ‘Run job' to directly run the MC simulation for the selected MC run. The program will
create a 'Command Prompt window’ and start the MC simulation. If the MC run files are installed

properly you will now see the MC program screen specifying its operations. The window will
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automatically close when the MC program terminates.

You can create and modify the WORKLOAD.BAT file for batch processing through the following macro

commands:

e Macro Command 'Clear workld’ to remove all existing jobs from the WORLD.BAT file by deleting all
file content.

e Macro command 'Add selected job to workld’ to add the selected run to the WORKLD.BAT file.

e Macro command ‘Add selected series to workld’ to add all runs from the selected series of runs to
the WORKLD.BAT file.

You can use the macro control 'Edit workload’ to inspect the MC runs appended to the WORKLD.BAT

file.

Use the control 'Run workload’ to execute the MC runs specified in the WORKLD.BAT file. If the MC runs
files are installed properly you will now see the MC program screen indicating that the first job is
executed. When this job is finished the WORKLD command structure will automatically start the next
job in line. See the MC program documentation (chapter 4) for further details on the workload

mechanism. After all job are finished the command prompt window will disappear.

Clearly, you can 'minimize’ the command window while the MC files are processed in the background so
that you can continue to work with INTERAC. You can also continue to modify the WORKLD.BAT file
when the MC simulations are being executed in the background, because the MC simulation program
will only use the WORKLD.BAT file when it has finished a run. It will then open the WORKLD.BAT file,

delete the run from the top and start the next run.

As an alternative to the 'Run workload’ control, you can "manually" create a new command prompt

window and execute the WORKLD command. For this operation do as follows:

e Start the command prompt in the run-files directory by using the macro command "C:\" (or
alternatively: start the ‘command Prompt’ under windows and go to the 'MC run file directory’ with
the MC.EXE and run-files)

e Enter "WORKLD" at the command prompt and press enter

The only difference with using the 'Run workload’ control is that the command prompt will not vanish

after all jobs from the workload are finished.
3.2.8 Importing data for a single run

!

Select the worksheet 'Dashboard'. In the table with the heading '‘Data Analysis for Selected Run ...

click on one or more of the following macro buttons:

e 'Import MC data and system input files’ to import the input files and write the data to the worksheet
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'MC_in'. When the check box 'Copy input data to system ?'is checked, the imported data is also
copied to the worksheet 'Systems’ and also perform the analytical and slice calculation for the
imported system.

e 'Import MC OUTfile’ to import the general output file, filter the key data and write the results to the
worksheet 'MC_out'.

e 'Import MC EDI file’ to import the energy distribution output file, write the data to the worksheet
'MC_edi' and set-up the plots in the worksheet 'PlotDis'.

e 'Import MC SDI file’ to import the spatial distribution output file, write the data to the worksheet
'MC_sdi' and set-up the plots in the worksheet 'PlotDis’.

e 'Import MC POS file’ to import the positions output file, write the data to the worksheet 'MC_pos'

and set-up the plots in the worksheet 'PlotPos’.

e 'Import MC COR file’ to import the co-oridnates output file, write the data to the worksheet 'MC_cor"
and set-up the plots in the worksheet 'PlotCor’

e 'Import checked files’ to successively execute all previous macro commands for those files that are
'checked' in the boxes to the left

e ‘Clear all data’ to clear all data from the worksheets MC_in, MC_out, MC_edi, MC_sdi, MC_pos,
MC_cor.

You can now inspect the data in the worksheet MC_ijn, MC_out (which lists both the MC results and the
analytical / slice method results), MC_edi, MC_sdi, MC_pos, and MC_cor and the corresponding plots
in the worksheets PlotDis, PlotPos and PlotCor. Each of the individual charts in the worksheets PlotDis,
PlotPos and PlotCor can be scaled individually (Press the 'Expand’ macro if the scaling data is not
visible), but similar plots can be set to the same scale through the 'Same scale similar plots' macro
control.

The worksheet PlotCor displays the particles co-ordinates x,y,z,vy,Vy,Vv, in the vicinity of the target
through the following set of charts:

e Charts 1-6 (first two rows of charts): Show the lateral x, y and vy,v, co-ordinates as function of the
axial z-co-ordinates to display the distribution of the particles (accumulated in all samples) in the
X,Y,X,Vx,Vy,V; phase space. The red dots refer to the perturbed particle co-ordinates and the blue
dots to the unperturbed particle co-ordinates. You can shift the location of the particle co-ordinates
along their final velocity by specifying a axial shift distance ('Zshift’) in the table on the top of the
worksheet and pressing the 'Recalculate plot data' macro control next.

e Charts 7-9 (third row of charts): The first two charts show the lateral x, y positions of the

unperturbed co-ordinates (blue dots) in the reference plane and the lateral x, y positions of the
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perturbed co-ordinates (red dots) in the plane of best focus respectively. These positions are
calculated by projecting each particle along a straight line determined by its velocity to the relevant
plane perpendicular to the axis. The z-co-ordinates of the reference plane and the plane of best
focus (Z-co-ordinate of plane of best focus = z-co-ordinate of reference plane z-co-ordinate +
defocus distance) are listed in the table on the top of the worksheet. The space charge
magnification M is, in the default setting, taken into account by de-magnifying the unperturbed
positions with this value. The selection of the reference plane and the handling of the space charge
magnification is controlled by the parameters listed in the worksheet 'Settings' (Section with the
title 'Co-ordinates plots parameters’). The third plot displays the lateral position displacements
calculated by subtracting the unperturbed positions in the reference plane from perturbed positions
in the plane of best focus. You can redraw the charts for other values for the reference plane
(‘Zref”) , axial defocus distance ('4z") and magnification (‘M") by changing the entries in the table

on the top of the worksheet and pressing the 'Recalculate plot data' macro control next.

e Charts 10-12 (fourth row of charts): Show the histograms corresponding to the lateral positions
shown in the charts 7-9 (third row of charts). Through the entry in the table on the top of the
worksheet you can choose a histogram corresponding to the distribution of particles in the (radial)

R -direction, the X- or the Y-direction ('Radial dimension parameter’).

e Charts 13-15 (fifth row of charts): The first tow charts show the lateral v and v, velocities of the
unperturbed and the perturbed co-ordinates respectively, similar to the lateral positions plots of
charts 7 and 8. The last charts shows the corresponding lateral velocity displacement, similar to the

lateral position displacements shown in chart 9.

e Charts 16-18 (sixth row of charts): Show the histograms corresponding to the Ilateral velocities
shown in the charts 13-15 (fifth row of charts). Through the entry in the table on the top of the
worksheet you can choose a histogram corresponding to the distribution of particles in the (radial)

V, -direction, the V,- or the V,-direction ('Radial dimension parameter’).

e Charts 19-21 (seventh row of charts): The first two charts show lateral velocity versus lateral
position of the unperturbed and the perturbed co-ordinates respectively. The last chart shows the
lateral velocity displacement versus the lateral velocity displacement. The calculation of these phase
space diagrams is controlled through the parameters in the table on the top of the worksheet. The
parameters affecting the calculation of the lateral positions and velocities are described above. The
parameter 'Phase diagram: 1 Absolute values, 2 Positive and negative values' pertains to these

plots in particular.

In addition to the plots which are always displayed in the PlotPos and PlotCor worksheets one can
generate vector plots, showing the displacements from the unperturbed to the perturbed position for
each particle, by pressing the 'ShowVectorPlot’ macro control on these sheets, as was outlined in

section 3.1.2.
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3.2.9 Storing data from all runs

Select the worksheet '‘Dashboard’. In the table with the heading 'Data Storage to Worksheet 'Results".

Click on one or more of the following macro buttons:

e 'Store data for selected run’to import the (SYS and DAT) input files, to import and read the general
(OUT) output file and/or execute the analytical calculation. The check boxes on the left of this
section determine whether INTERAC reads the MC output data file, execute the analytical
calculation or does both. The key input and output data for the selected run is written to the
worksheets 'MC_out' and 'Results’. This function is equivalent to the execution of both the 'Import

MC data and system input files' and 'Import MC out file' macro commands for the selected run.

e 'Store data for selected series’ to import the (SYS and DAT) input files and the general (OUT)
output file, execute the analytical calculation and write the key input and output data for all runs in
the selected series to the worksheet 'Results’. This function is equivalent to the execution of the
'Import MC data and system input files' and 'Import MC OUT file' macro commands for all runs in

the selected series.
e 'Clear all data from memory’ to clear all stored data from the worksheet.
Go to the worksheet 'Results’ if you want to verify the outcome of this operations.
3.2.10 Plotting results from various runs

Select the worksheet 'PlotRuns1’ (for labeled data - such as the run number - on the horizontal axis) or
PlotRuns2' (for continuous data - such as the beam current at the target - on the horizontal axis) to

plot the data from the worksheet 'Results’.

In the table 'Select Runs and Specify Line Style & Marker Size' you can specify a number of sets of runs
for which you can want to plot the results. Select the set you want to plot by entering the
corresponding number and click on the macro button 'Activate selected set, Iline & markers'.
Alternatively, you can press the macro controls 'Next set' or 'Previous set' to select and activate the
next or previous set respectively through a single mouse click. Notice that in the 'PlotRuns2' worksheet,
the selection of the horizontal axis can be specified for each set separately through the cell just below
the 'Set 1'. 'Set 2, etc. cells. You may change the appearance of the plots by changing the Line style or
Marker size through the corresponding entries and by pressing the 'Select Runs and Specify Line Style

& Marker Size' control again next.

In the tables in the section 'Specify Plot Data' you can specify the quantities to be plotted on the
horizontal axis (X-axis) and vertical axis (Y-axis) of the different charts by selecting the corresponding
row identifier from the worksheet '‘Results’ (The blue column in this worksheet. Expand the worksheet

when the blue column is not visible).

You can adjust the scales by specifying the plot range and the type of axis (Linear or logarithmic) in
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the corresponding yellow boxes and clicking on the 'Apply scaling’ macro button. By pressing the
'‘Unlock charts' button in the top of the worksheet you can select the individual objects of each chart

and use any of the regular MS Excel functions to change the presentation of the charts.
3.3 INTERAC file sizes, file names and system structure constraints

INTERAC follows the syntax of the MC program, but has certain restrictions on the number system

commands that can be processed and the size of the arrays, as specified in the tables below:

Type of file Extension Assumptions

MC-data input file DAT Regular syntax as defined in MonTec manual on MC program
(chapter 4)

MC-system input file SYS Maximum of 10 (DRIFT) sections recorded for system plot
(Worksheet "), each with a maximum of 1 aperture, 1 lens, 1
quadrupole and 1 deflector per section in any combination
(optical components are located at the start of the section).

Two calls to TBR: First call without refocus, 2nd with refocus
Two calls to RNDTBR/RECTBR: First call without refocus, 2nd
with refocus

Two calls to SYMEBR/ASYEBR: First call before PROCCO, 2nd
after PROCCO

The aperture shape index ISHP=1 for a round or 2 for a
rectangular aperture and may not be negative (as in the MC
program to represent a so-called “inverted” aperture)

MC- coordinates input/output file COR Regular syntax generated by MC program
MC- general output file ouT Regular syntax generated by MC program
MC-energy distribution output file EDI Maximum of 3 sections: Maximum of 3 calls to SYMEBR /

ASYEBR in.SYS file

MC-spatial distribution output file SDI Maximum of 4 sections of which at maximum 2 are two-
dimensional: Maximum of 4 calls to TBR/RNDTBR/RECTBR and
maximum of 2 calls to RECTBR in SYS file

MC- radial positions output file POS Maximum of 3 sections: Maximum of 3 calls to STOREP in
*.SYS file

Type of array MC parameter Assumptions on

maximum used

Maximum total number of particles NTOT = NSEED x NSAM (at | 60,000
target)

Maximum number of divisions in distribution NDE,NDT1, NDT2 1,000

histograms
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4 Monte Carlo simulation program
4.1 General Information

4.1.1 MC program purpose

The program MC provided with the MonTec Particle Optics Simulation Tools package is a Monte Carlo
program to simulate electron (or ion) Gaussian beam, shaped beam and projection lithography
systems, electron (or ion) scanning microscopes and similar devices. Its purpose is to evaluate the
properties of the beam by computing the trajectories of a representative bunch of particles with
randomly chosen initial condition. The program takes both the Coulomb interactions between the
particles (space charge and statistical effects) and the aberrations of the optical components into
account. The optical components are modeled in thin-lens approximation. Dedicated routines are
incorporated in the simulation program to analyze the coordinates of the particles at the target plane of
the system. The particle positions as well as their energy and spatial distribution can be plotted by
means of the INTERAC program, as outlined in chapters 2 and 3.

4.1.2 Manual context

The perspective chosen in this chapter is that of a stand-alone operation of the MC program. Some of
this material is less relevant when running the MC program in conjunction with INTERAC, since
INTERAC effectively acts as a shell around the MC program. In this mode of operation, many tasks that
should otherwise be performed by the user - such as the creation of the input files, the selection of
proper values for the various modeling parameters as the sample size and number of seeds and the
scheduling of jobs to run on the background through the workload mechanism - are taken care off by
INTERAC automatically.

For users running the MC program through INTERAC, this chapter serves to obtain a basic
understanding of the MC program in general and the MC system commands and MC model parameters
used by INTERAC in particular. Those users may skip the sections covering the hardware and software
requirements (section 4.1.5), instructions how to get started when running MC as stand-alone
application (section 4.3), instructions how to run the MC program (section 4.4.11), as well as the
material on the MC source code organization and compilation aspects (sections 4.48, 4.5.4 and 4.5.5).
These sections are, however, relevant for those who run MC as a stand-alone application.

4.1.3 Theoretical basis of the MC program

For a discussion of the Monte Carlo approach in general as well as the physical principles underlying the
MC program, the reader is referred to reference R-1 (see section 1.2).

This chapter focuses on the actual implementation of the MC program and the specifics of its operation.
The reader is advised to read this chapter in conjunction with the more general description given by
reference R-1, chapter 13.

4.1.4 MC program features

The following list indicates the main features of the MC program:
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e The executable modules included with the package run on the Windows WIN95, WIN98, WIN2000
or XP operating systems. The use of standard FORTRAN 77 allows straightforward implementation
on other computer systems. The MC program has been made operational on various IBM
mainframes as well as different types of UNIX systems.

e A dedicated command structure is utilized for a flexible specification of the properties of the
simulated beam and column, as well as the required data analysis.

e An extensive set of routines is available to model various types of sources, lenses, quadrupoles,
deflectors and apertures.

e A FAST Monte Carlo ray-tracing routine, that utilizes the analytical equations for pair interactions,
can be used force as an alternative to the numerical ray-tracing routine with variable time step to
compute the trajectories of the particles interacting through the Coulomb. See references R-3 or R-
1 for further details on this approach. This FAST ray-tracing routine is one to two orders of
magnitude faster than its numerical counterpart without introducing any significant inaccuracies in
the final results for practical operating conditions. The two ray-tracing routines are fully compatible
and the user can easily switch from one algorithm to another. A third ray-tracing routine is included
to model the high current density region of the beam in the vicinity of the source. It introduces so-
called ‘field’ particles, representing the beam, that interact with the sample of 'test’ particles. The
field particles due exert Coulomb forces on the test particles in the sample, but are not perturbed
themselves by Coulomb interactions.

¢ All ray-tracing routines are set up to take a uniform axial electrostatic (accelerating or retarding)
field into account.

e Various routines are available to analyze the final coordinates of the particles and to express this
data in terms of the total generated energy spread (Boersch effect), the trajectory displacement
effect and the space charge defocusing. Special routines are available to evaluate the properties of
both Gaussian and shaped spots.

¢ Facilities are included to compensate finite-size effects (edge effects, due to the finite size of the
sample) by means of an axial- position dependent velocity correction.

e The magnitude of various simulation errors, like ray-tracing errors, statistical errors and finite-size
errors are indicated.

e A number of Monte Carlo simulations can be run in succession without user intervention (Workload
structure).

4.1.5 Hardware and software requirements

The main part of the program package consists of the executable module of the Monte Carlo simulation
program MC.EXE. The programs run on a standard PC with a Windows WIN95, WIN98, WIN2000 or XP
operating system. The MC program requires less than 1 MB of hard disk space for the executable, but
the input / output files can be large depending on the number of particles in the simulation and
whether all particle positions and/or co-ordinates are stored as output (*.POS and *.COR files). The
dynamic memory requirement depends on the settings of the MONTEC.INC file for the maximum
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number of particles in the sample (MSAM) and the maximum total number of particles at the target
(MTOT). For MSAM MTOT = 750,000 the program requires about 350 MB DRAM. The programs are
written in FORTRAN 77. The programs are compiled and linked with Microsoft FORTRAN PowerStation,
version 4.0.

All general source code parameters of the MC program (specifying array-sizes, output units and output
formats) are contained in the include file MONTEC.INC. These parameters should be adjusted when
recompiling the program for other than Windows based computers. In general, the source code is
organized such that all non- standard FORTRAN statements and PC specific output can easily be
deactivated in order to comply with different machine configurations. See section 4.5.4 for further
details.

4.2 MC program overview

4.2.1 Introduction

Monte Carlo simulation of charged particle beams is a numerical technique in which the trajectories of a
bunch of particles, with randomly chosen initial conditions, are traced through a user defined particle
optical column. The key-functions of any Monte Carlo program of this type are:

e Generation of the initial coordinates of a bunch of particles.

e Ray-tracing of the particles taking their Coulomb interaction into account.
e Deflection of the particles to represent the optical elements of the column.
¢ Analysis of the final coordinates of the particles.

The particular realization of the Monte Carlo approach chosen for the MC program is outlined in this
section. The purpose of this section is to introduce the reader to the basic concepts of the MC program
and its architecture. More detailed information on the functionality of the MC program can be found in
sections 4.4 and 4.5. The reader is advised to read this chapter in conjunction with reference R-1,
chapter 13.

4.2.2 Command structure

The simulated column is specified by the user by creating a so- called ‘MC-system file’ by means of a
normal ASCII text editor or by using the INTERAC program. This file contains a series of commands
which can be carried out by the program. Various commands are available to represent different types
of sources, thin optical components (such as lenses, deflectors, quadrupoles, and apertures), drift
spaces and uniform acceleration zones. Other commands instruct the program to process the final data
and compute the characteristic properties of the beam, such as its energy distribution, its width
(Gaussian beams) or edge-width (shaped beams) in the plane of best focus and the total defocusing
caused by the space charge effect. Most commands require the specification of one or more
parameters, which should be entered in the so-called parameter fields following the command. Each
command and associated command-parameters occupy one or more lines (records) of the MC-system
file.
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Another input file, called 'MC-data file’, contains the variable beam properties (such as the beam
current, voltage and initial energy spread) as well as a number of general program parameters. This
set-up makes it easy to run a specific system (defined by the MC-system file) for various operating
conditions (defined by different MC-data files). The MC-system file and the MC-data file may contain
any number of comment-lines (indicated with a "C" or a "*" in the first column) which are ignored by
the program.

4.2.3 Sources and optical elements

The first command in the MC-system file should specify a source, which can be single or a multiple
emitter source, specified by the commands SOURCE and MULSRC respectively. The total emission
current and acceleration voltage of the source are specified in the MC-data file. The other properties,
specified in the MC-system file, concern the (spatial) current density distribution and the initial velocity
distribution of the particles at emission. For a single emitter, the current density distribution can be
circular with uniform or Gaussian radial distribution or rectangular with uniform distribution. The initial
velocity distribution is either specified in terms of the angular distribution (which can be circular
uniform or Gaussian) and the energy distribution (uniform, Gaussian or Lorentzian) or in terms of the
temperature of the cathode surface, assuming a half Maxwell-Boltzmann distribution (thermionic
source). The multiple emitter consists of a rectangular array of emitters of the same type. The type
specification is the same as for a single emitter. Both SOURCE and MULSRC utilize a pseudo-random
generator to assign a position and velocity to every particle in such a way that their distribution in
phase space resembles the specified macroscopic properties. Alternatively, one can specify a test
source (with the command TSTSRC) which produces a deterministic distribution of positions and
velocities. The test source can be helpful to investigate the optical properties of the column.

The column is modeled as a succession of drift spaces and uniform acceleration zones, separated by
thin optical components. The command LENS represents a thin lens, characterized by its focal distance
and four aberration coefficients. In addition to the coefficients of spherical and chromatic aberration,
one can specify two coefficients representing the rotational errors of a magnetic lens. They pertain to
the rotational distortion and chromatic error of rotation respectively. The command DEFLCT represents
a deflector, characterized by the deflection angles in x and y direction and a dispersion coefficient. The
command QUADRP represents a quadrupole, characterized by its focal distances and chromatic
aberration constants in x and y direction, as well as four independent coefficients covering the third
order aberrations. The command APERTR should be used to model an aperture, which can be round or
rectangular. The aperture can be "inverted" in the sense that it transmits the particles which would
normally be stopped and stops the particles which would normally be transmitted. This function is,
however, not supported by INTERAC.

In order to account for the misalignment of the column components all optical elements can be shifted
with respect to the optical axis. The program permits two or more optical elements at the same axial
position, superimposing the action of these elements. In general, the user may specify an arbitrary
large number of optical elements. However, the number of apertures should not exceed 20. (as
specified by the parameter MAPERT in the file MONTEC.INC), while the number of drift sections should
not exceed 100 (as specified by the parameter MDRIFT in the file MONTEC.INC). The representation in
INTERAC is, however, limited to a maximum of 10 drift sections and 10 apertures, as specified in
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section 3.3.

4.2.4 Ray-tracing routines

The ray-tracing routines calculate the trajectories of the particles in the drift spaces between the
optical elements, taking the mutual Coulomb interaction of the particles into account. Different types of
routines are available to perform the ray-tracing, represented by the commands DRIFT1, DRIFT2 and
DRIFT3. DRIFT1 is based on a numerical ray-tracing algorithm, operating with variable time step. This
algorithm provides a straightforward numerical solution of the many body problem. The accuracy of the
final coordinates of the particles is limited by the error of the integration process only. The time steps
are chosen such that the local integration error does not exceed some user controlled predefined value.
The CPU-time required for the numerical ray-tracing increases with the square of the number of
particles in the sample and is directly proportional to the number of time steps. CPU- time constraints
limit the number of particles in the sample to a maximum of the order 10°, given current (2003) PC
computation speeds. This imposes an upper limit to the beam current that can be simulated at a
certain beam voltage.

DRIFT2 is a semi-analytical ray-tracing routine, based on a reduction of the full N-body problem to
two-particle interactions. This algorithm is typically one to two orders of magnitude faster than DRIFT1
due to its ability to determine the final coordinates (at the end of the drift section) from the initial
coordinates (at the start of the drift section) in a single time step. This approach is therefore referred
to as Fast Monte Carlo (FMC) simulation. The reduction to two-particle dynamics is justified as long as
most interactions are weak. FMC was found to be extremely accurate for the operating conditions
encountered in practical columns, see reference R-3. As far as CPU-time constraints are concerned, the
maximum number of particles in the sample which can be handled with FMC is of the order 10° with the
current (2003) PC computation speeds. However, memory space limitations may impose a somewhat
lower limit, as will be indicated later on in this section.

DRIFT3, which is also based on a reduction to two-particle interactions, is intended for the simulation of
the high particle density region found in the vicinity of the source. It keeps track of a limited humber of
sample particles which interact with a large number of field particles, representing the beam. The
coordinates of the field particles are not stored to memory. Therefore, the number of field particles can
be chosen as large as 108.

The ray-tracing routines are fully compatible. For instance, one can simply switch from numerical ray-
tracing to analytical ray-tracing by changing the commands in the MC-system file from DRIFT1 to
DRIFT2.

All ray-tracing routines permit different beam potentials at the initial and final plane of the "drift"
section. The effect of the corresponding uniform electrostatic (accelerating or retarding) field is taken
into account. It should be noted that the term "drift" section is used in all cases, whether the particles
are accelerated or not.

The interaction between the particles can be switched on or off for each drift section separately. This
provides the capability to estimate the individual contributions of the different drift sections to the total
effect at the target.
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4.2.5 Data analysis

For sample sizes of the order of a few thousand particles or less, it is recommended to employ the
facility of the program to repeat the simulation for a number of samples, each starting with a different
"seed" of initial conditions. The total number of particles Nt accumulated in all seeds is equal to Ngm X
Nseed , Where Ngam is the number of particles per sample and Ngeq the number of seeds. In order to
obtain sufficient statistics, Nyt should be larger than typically 5.10% . The values of Ngam and Neeeq are
specified in the MC-data input file. The maximum allowable values for Ng;;m and Nyt are determined by
the size of the corresponding array, specified by the parameters MSAM and MTOT in the file
MONTEC.INC. The PC version of the program MC is compiled with MSAM=750,000 and MTOT=750,000.

The program performs the ray-tracing twice for each sample, one time with the interaction switched off
in all drift sections and one time with the interaction switched on or off conform the user specifications
given in the MC-system file. When all seeds are carried out, the program has two sets of final
coordinates (that is positions and velocities), represented by 2 x 6 x Ny double precision real numbers.
Several routines are available to express this information in terms of a few characteristic properties of
the beam.

The final energy broadening can be analyzed by using the commands SYMEBR or ASYEBR, for a
symmetrical and a (possibly) asymmetrical energy distribution respectively. These routines compute
the mean energy, the root mean square (rms) and the Full Width at Half Maximum (FWHM) energy
spread, as well as the smallest energy widths containing 10%, 30%, 50%, 70% and 90% of the
particles, denoted as FWiq , FW30 , FWso (or Full Width median), FW, , FWgq respectively. A histogram
of the energy distribution is formed according to the specifications of the user (given in the MC-data
file). The program utilizes a dedicated polynomial fit algorithm to obtain a smooth explicit
representation of the energy histogram. The FWHM energy spread is determined from this fit.

The transverse broadening can be analyzed by using the commands TBR, RNDTBR or RECTBR. TBR
activates a general routine which evaluates the displacements from the unperturbed trajectories by
comparing the coordinates obtained with and without interaction. RNDTBR and RECTBR consider the
perturbed coordinates only and apply to a round (Gaussian) and rectangular (shaped) spot
respectively. All routines have a facility to seek the plane of best focus, which is usually located
somewhat ahead of the Gaussian image plane due to the defocusing action of the space charge effect.
A histogram of the spatial distribution is formed according to the specifications of the user (given in the
MC-data file). Various width measures are evaluated similar to those mentioned for the energy
distribution. The routine activated by the RECTBR command also evaluates the d;,ss and d,s;s edge-
width of the spot in x and y direction. These measures are essential to characterize the performance of
shaped beam systems.

4.2.6 Data storage and plot facilities

The program produces at least one and at most five output files, the exact nhumber depending on the
commands specified in the MC-system file. The one file always produced is a general data output file
(with default extension .OUT), which contains all general program messages and the main results of
the calculations performed by the various routines. The command STOREC issues the storage of the
final perturbed and unperturbed coordinates (positions and velocities in double precision real numbers)
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to the coordinate file (with default extension .COR). This file can be read by the program during a next
run, using the READC command in the MC-system file. The STOREC and READC commands make it
possible to re-perform the data analysis without repeating the ray-tracing. The commands SYMEBR and
ASYEBR store the data for the histogram of the energy distribution and the corresponding fit to a
separate file (with default extension .EDI). The commands TBR, RNDTBR and RECTBR store the data
for the histogram of the corresponding spatial distributions and fits to another file (with default
extension .SDI). Finally, the command STOREP projects the final positions to a plane perpendicular to
the optical axis (with an axial location specified by the user) and stores this data to the positions file
(with default extension .POS).

The particle positions (.POS file), energy distribution (.EDI file) and spatial distribution (.SDI file) can
be plotted by means of the INTERAC program, described in chapters 2 and 3.

In order to reduce the size of the files for the storage of the coordinates (.COR) and positions (.POS),
the program allows for unformatted data storage. The default setting (formatted / unformatted) is
determined by the parameters IFORMC (for the coordinates file) and IFORMP (for the positions file),
which are specified in the file MONTEC.INC. The PC-version included with this package is compiled with
IFORMC=1 and IFORMP=1. This means that the default setting is formatted IO for both the coordinates
and the positions. The default setting can be overruled during the interactive file allocation procedure.

4.2.7 Accuracy limitations

The accuracy of a MC simulation is limited by model errors , ray- tracing errors , statistical errors and
so-called finite size errors , see section 4.5.1 or reference R-1, chapter 13, for a detailed description.
Special precautions have been made to reduce these errors as much as possible and to estimate their
magnitude within the program.

DRIFT1 keeps track of the total integration error in the positions, velocities and energies of the
particles caused by the numerical ray-tracing procedure. The nominal number of time steps per meter
(set by the parameter NSTEP in the MC-data file) should be taken large enough to rule out this error
compared to the statistical error and the finite size errors. DRIFT2 and DRIFT3 keep track of the
average number of strong collisions per particle experienced during the flight to indicate the validity of
the analytical ray-tracing procedure.

SYMEBR, ASYEBR and TBR estimate the statistical error in the given rms and FWs, values by evaluating
the spread in the results obtained for a number of sub-ensembles selected from the total set of final
coordinates. The statistical error can also be estimated by running the program for different start
values of the random number generator (set by the parameter NRAND in the MC-data file).

Finite size errors can in some case be reduced by means of the PROCCO command, which processes
the final co-ordinates to compensate for the artificial acceleration experienced by the particles at the
edge of the sample, due to the unbalanced space charge force acting on these particles. It evaluates
the correlation between the axial velocities and axial position of the particles and adjusts the axial
velocities to remove this correlation. PROCCO operates on the final coordinates. A similar procedure
can be performed on the intermediate coordinates obtained during the ray-tracing by setting the
parameter NPROC in the MC-data input file to 1.
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Disregarding model errors, the accuracy of the final results obtained for the FWs, values of the energy
and trajectory displacement distribution and the (space charge) defocusing distance Az is estimated to
be better than 10% for normal operating conditions. The accuracy of the given FWHM values is in
general somewhat worse, due to the fit procedure involved and the critical dependency on the estimate
of the central height of the distribution. The accuracy of the predictions for the edge-width values of a
shaped spot depends strongly on the number of particles constituting the edge. In general, one
requires a substantially larger total number of particles Ny to obtain an accurate prediction of the
edge-width than for the prediction of the FWsy or FWHM of a central distribution.

4.3 Getting started when operating MC as a stand-alone application

4.3.1 Program files

The following files from the MonTec Particle Optics Simulation Tools package are required for the
operation of the MC program:

Executable modules:

MC.EXE Executable module of the Monte Carlo simulation program. The version delivered with the
package runs on an PC with a Windows WIN95, WIN98, WIN2000 or XP operating system.

FORMP.EXE FORMP.EXE Executable module of the auxiliary program FORMP which is used to transform
an unformatted particle positions file (*.POS) to a formatted file which can be read by
INTERAC.

MAKEIOF.COM Executable module of the auxiliary program MAKEIOF which is employed when using the RUN
command. It creates the file IOFILES.DAT which contains the filenames of the Input/Output
files in the order that they are required by the MC program.

DELINE.COM Executable module of the auxiliary program DELINE, which is employed when using the
WORKLD command structure. It removes the first line of an ASCII file specified as a
parameter.

Batch files:

RUN.BAT Batch file to connect Input/Output files to the MC program, using the default extensions. It

utilizes MAKEIOF to generate the file IOFILES.DAT, which specifies the Input/Output filenames
to the MC program by means of the DOS feature redirection of 10

WORKLD.BAT Batch file to run a number of MC simulations in succession without user intervention. It utilizes
RUN and DELINE.

Data files:

DEMO1. SYS Demonstration system input file which is discussed in section 4.4.9.

DEMO1.DAT Demonstration MC-data input file which is discussed in section 4.4.10.
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MC source code files (not included in standard MonTec package):

* FOR The MC FORTRAN source code consists of 30 separate files, which are described in section
4.4.8.
MONTEC.INC Include file which contains the part of the FORTRAN source code where a number of general

program parameters are specified. Prior to the compilation and link step these parameters
were chosen such to generate an executable module which satisfies the hardware conditions
of an PC system (in particular with respect to the available memory space).

4.3.2 Installation

Create a directory on your fixed disk (which is here assumed to be your C disk) and copy the following
files delivered with the MonTec package:

MC.EXE

MAKEIOF.COM

DELINE.COM

RUN.BAT

DEMO1.SYS

DEMO1.DAT
Operation limitations

The size of the executable module produced by compilation and linking depends on the array-size
specifications given in the file MONTEC.INC. The version of MC.EXE delivered with the package is
compiled with the following parameter setting

PARAMETER(MSAM=750000,MTOT=750000)
PARAMETER(MDIS=100,MPOL=10,MAPERT=20,MDRIFT=100)

The parameters MSAM and MTOT specify the maximum number of particles per sample and the
maximum number of particles accumulated in all seeds respectively. See section 4.5.4 for further
details.

4.3.3 Running the demo

In order to verify the correct functioning of the MC program, it will here be indicated how to start the
demonstration example included in the MonTec package. More details on the demonstration example
can be found in sections 4.4.9 to 4.4.11.

Start the Monte Carlo program by entering MC at a command (or DOS) prompt (entering MC means:
type "MC" and press ). The program will successively ask for:

e a MC-datA (input) file (enter DEMO1.DAT)
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e A system (input) file (enter DEM0O1.SYS)

e A (input/output) file for the particle coordinates (enter DEMO1.COR)

¢ A filename for the general output (press for the default name DEMO1.0UT)

¢ A filename for the storage of the energy distribution (press for the default name DEMO1.EDI)
¢ A filename for the storage of the spatial distribution (press for the default name DEMO1.SDI)
¢ A filename for the output of the particle positions (press for the default name DEMO1.POS).

Notice that the program automatically composes a default name for each file by taking the filename of
the last specified file and adjusting the extension. After specification of all files the MC status screen
appears, which shows a program header, the names of the used MC-data and MC-system file, the time
the program was started and the current activity of the program.

An alternative way to start the same demonstration example is to use the RUN batch command (at a
command prompt):

RUN MC DEMO1 DEMO1

The MC program will be started with DEMO1.DAT as MC-data file and DEMO1.SYS as MC-system file.
For the other files it uses the names DEMO1+extension (extension: ".COR", ".OUT", ".EDI", ".SDI" and
".POS").

The general results of the simulation are stored in the file DEMO1.0OUT. A listing of this file is included
in APPENDIX A for comparison. The file DEMO1.POS contains the particle positions in the vicinity of the
target plane. The final energy distribution and spatial distribution are stored in the files DEMO1.EDI and
DEMO1.SDI respectively. For the interpretation of the output data, the reader is referred to section
4.4.11.

4.4 MC program functionality

4.4.1 Introduction

The user has to specify the input data for the MC simulation by creating two files, namely a MC-data
file and a MC-system file. The major part of this chapter is concerned with a detailed description of the
formats of the MC-data file (section 4.4.4) and the command language structure on which the MC-
system file data definition is based (section 4.4.5). The program produces various output files
depending on the commands contained in the MC-system file. The chapter starts with an overview of
all input and output files (section 4.4.2). The file allocation procedure is described next (section 4.4.3).

4.4.2 Overview of input/output files

The MC program requires at least two input files and produces at most five output files. The
coordinates file (*.COR) can be used both for input and output, depending on the users instructions. In
the following, a brief description is given of all types of files used by the MC program.
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Input files:
MC-data file
(*.DAT)
MC-system file
(*.SYS)

Input / Output file:
Coordinates file
(*.COR)

Output files:
General output file
(*.0UT)

Energy distribution
(*.EDI)

Spatial distribution
(*.SDI)

Positions file
(*.POS)

4.4.3 File allocation

ASCII file which contains the variable beam properties and general program parameters.

ASCII file which contains a list of commands (*.SYS) specifying the components of the
optical column (such as the source, lenses, apertures and drift spaces) as well as the
required analysis of the final coordinates.

ASCII or unformatted FORTRAN file for the IO of the final perturbed and unperturbed
coordinates of the particles. The default format is specified by the parameter IFORMC in
the file MONTEC.INC (IFORMC=0 for unformatted I0 and IFORMC=1 for formatted I0).
The default value of IFORMC can be overruled during file allocation. The coordinate file
serves as output file when the STOREC command is included in the MC-system file. It
serves as input file when the READC command is included.

ASCII file which contains all general program messages and the main results of the
simulation.

ASCII file which contains the histogram(s) of the file final energy distribution and the
corresponding least square fit(s). The energy histogram is evaluated and stored when
the SYMEBR or ASYEBR command is included in the MC-system file. Each of these
commands can be issued more than once leading to a series of histograms stored to
the same file.

ASCII file which contains the histogram(s) of the file spatial (current density)
distribution of the beam and the corresponding least square fit(s). This histogram is
evaluated and stored when the TBR, RNDTBR or RECTBR command is included in the
MC-system file. Each of these commands can be issued more than once leading to a
series of histograms stored to the same file.

ASCII or unformatted FORTRAN file for the storage (*.POS) of the final particle
positions (perturbed and unperturbed) projected to a plane perpendicular to the optical
axis. The plane is specified in the MC-system file as parameter of the STOREP
command. STOREP can be issued more than once. The default format is specified by
the parameter IFORMP in the file MONTEC.INC (IFORMP=0 for unformatted IO and
IFORMP=1 for formatted 10). The default value of IFORMP can be overruled during file

allocation.

The subroutine PCFILE connects the external input and output files to different FORTRAN units, which

are identified by a unit number. The read and write statements of the program source code address the
external files by means of this unit humber. The choice of unit numbers for the different files is
specified by the source code include file MONTEC.INC. See section 4.5.4 for further details.
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The input and output filenames can be specified in interactive mode or in batch job mode. In the
interactive mode the user starts the MC program and successively answers all requests for file
specification. In batch job mode, the file specification is performed by a single command at the (DOS)
command prompt, using either the RUN or the WORKLD batch file. RUN is intended to start a single MC
simulation. A series of simulations can be started by means of the WORKLD command. These
alternatives will now be outlined in more detail.

interactive file specification

Type "MC" at the Command prompt and press . The main program calls the subroutine PCFILE, which
directs a request for filename specification to the screen. For each request, the user has the following
options:

e Enter the filename of your choice (that is type the filename and press <enter>).
e Press <enter> to use the default filename given by the program.

e Enter "SKIP" (or "skip") when you do not want to connect a file. Clearly, this option should only be
used when the corresponding output file is (according to the commands specified in the system
input file) not required by the program .

Note: The PC version of the MC program delivered with this package converts all lower case letters of
the entered filename to upper case letters. When recompiling the program this convention can be
adapted by changing the parameter ICAPT in the source code include file MONTEC.INC (See section
4.5.4 for further details).

File specification by means of the RUN command

The RUN batch file serves to specify all filenames within a single command at the (DOS) command
prompt level. The basic form of the command (to be entered at the command prompt) is:

RUN MC fnameq fnames

where

fnamey = name of the MC-data input file without extension.

name of the MC-system input file without extension.

fnames

For the output filenames the program uses fnamey + the appropriate extension (.COR, .OUT, .EDI, .SDI
and .PQOS).

File specification by means of the WORKLD command

The WORKLD batch file serves to start a series of simulations with different input and output files. Use
your own ASCII text editor to change the contents of the file WORKLD.BAT, or use the facilities
provided by INTERAC. The simulations to be performed successively should be specified by a series of
RUN commands, one command per line (record), entered at the top of the WORKLD.BAT file. For each
RUN commands one should use one of the following formats:
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RUN MC fnameq fnames WORKLD

or

RUN MC fnameq fnames WORKLD fname.
or

RUN MC fnameq fnames WORKLD fname. fname,

where
fnamey = name of the MC-data input file without extension.
fnames = name of the system input file without extension.
fname. = (optional) name of the coordinates input/output file without extension. The default is
fnamey .

fname, = (optional) filename without extension for output files. The default is fnamey .

The parameter WORKLD should be included to instruct the RUN batch file to return command to
WORKLD after termination of the MC simulation. At first sight, the WORKLD/RUN structure may appear
to be somewhat mysterious. However, when using it one will rapidly discover that it provides a
convenient and effective method to execute a series of MC runs without the need of user interventions.

The operation of the RUN command can best be understood by studying the contents of RUN.BAT,
which is listed below.

ECHO OFF

IF NOT EXIST %?2.DAT GOTO END1
IF NOT EXIST %3.SYS GOTO END1
MAKEIOF %2 %3 %5 %6
%1<IOFILES.DAT

:END1

IF NOT EXIST %4.BAT GOTO END2
DELINE %4.BAT

%4

:END2

The user is assumed to be familiar with the operation of DOS batch files and its conventions. The first
two lines after the ECHO OFF command verify whether the specified MC-data input file (fnamey --
>%2) and system input file (fname; -->%3) really exist. If so it activates the MAKEIOF program to
generate the file IOFILES.DAT, which contains the names of the files which have to be connected to the
MC program. MAKEIOF uses the parameters fnamey , fname; and (if specified) fname. and fname, as
input (fnamey -->%2, fnames -->%3, fname. -->%5, fname, -->%6). Next, the MC program is
started, using the DOS feature "redirection of I0" to connect the files specified in IOFILES.DAT. The
RUN.BAT concludes by removing the first line of the file WORKLD.BAT (WORKLD-->%4) and returns
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control to WORKLD. WORKLD now carries out the command found on the first line, which is the next
job in line. This process continues until all command lines of WORKLD have been removed.

4.4.4 MC-data input file

The MC-data input file specifies a number of beam properties as well as the global program
parameters. The file may contain any number of comment lines, which should be indicated by a "C" or
a "*" in the first column. Comment lines as well as blank lines are ignored by the program. Lines with a
blank in the first column (which are, however, not entirely blank) are assumed to be data lines. Each
data line of the MC-data file is divided into 6 data fields of 12 columns, separated by an arbitrary
character (for which it is convenient to use "|"). All data lines are mandatory and have to be specified
in the prescribed order. The order of the entries in the data fields of a data line is also fixed. The
location of the data-entry within a data field is arbitrary.

The following table specifies the location of all variables to be specified in the MC-data file:

column: 1 2 3 4 5 6 7

| PM | PO |

| BI | BV | FWE ! IDE \ ICONS

| INTER | NSAM | NSEED | NFIELD | NRAND \
| NSTEP | ISTEPA | IRLIM | NINT \ IPROC

| NDE | NTE | NEHPE ! IFIXE \ PMAXE

| NDT1 | NTT1 | NEXPT1 ! IFIXT1 \ PNAXT1

| NDT2 | NTT2 | NEXPT2 ! IFIXT2 \ PMAXT2

| ISTOREE | ISTQRET1 | ISTORET2 !

| IMT1 | IMT2 |

The first letter of each variable name specifies the corresponding variable type. Variables starting with
a letter in the range A-H or O-Z are reals. Their numerical value should be entered by means of the
FORTRAN F-format, E-format or D-format. Variables starting with a letter in the range I-N are integers
and should be entered as such. All physical quantities are assumed to be in SI-units.
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4.4.5 MC-data variables specification:

PM
PQ

BI
BV
FWE
IDE

ICONS

INTER

NSAM

NSEED
NFIELD
NRAND

NSTEP
ISTEPA

Particles mass in kg

Absolute value of the particle charge in elementary-charge units (PQ= | particle charge | /

elementary charge).

Beam current at emission in A.

Absolute value of the beam voltage at emission in V

Full Width at Half Maximum energy spread of the particles at emission in V.

Type of energy distribution at emission:

1 - Uniform

2 - Gaussian

3 - Lorentzian

Energy "conservation" specification for source-routine, optical elements and final energy analysis:

1 - the energy and energy spread of the particles is coupled to their total velocity. The total
velocity of each particle is conserved in lenses, quadrupoles and deflectors.

2 - the energy of the particles is coupled to their axial component of velocity. The axial velocity of
each particle is conserved in lenses, quadrupoles and deflectors.

Global interaction switch:

0 - Off: No interaction between particles in any drift section.

1 - On: interaction on or off conform the specifications of the DRIFT commands in the MC-system
file.

Note: The MC program is organized such that the interaction between the particles in a certain

drift section is only taken into account when both the global interaction switch INTER (specified in

the MC-data) file and the interaction switch associated with that drift section (specified in the MC-

system file) are set on. Remember also that all seeds are performed twice. One time to evaluate

the unperturbed final coordinates (interaction off) and one time to evaluate the "perturbed" final

coordinates. Clearly, the interaction switches in the MC- data and MC-system file apply to the

calculation of the "perturbed" coordinates only.

The number of particles per sample (bunch) at emission. (Range: 1 to MSAM, see MONTEC.INC).

The number of seeds to be performed.

Number of field particles used by DRIFT3.

Start value random number generator. The absolute value of NRAND should be in the range: 0 to

214783647. The sign of NRAND determines the type of random generator used. The random

generator described in reference R-1 (Appendix 13.A) is used when NRAND<Q. An improved

version that minimizes any serial correlations is used for NRAND >0 (preferred setting).

Nominal average number of steps per meter used by DRIFT1.

Step size algorithm switch for DRIFT1 (See reference R-1):

0 - No step size variation. Step size is chosen by the program conform the specification of NSTEP.

1 - New step size determined after every step from the average absolute value of the second and
third order terms in the expansions used to update the positions of the particles. The step
size is kept within a range which is chosen by the program and which depends on NSTEP.

2 - As 1, but without step size limitation
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IRLIM

NINT

IPROC

NDE
NTE

NEXPE

IFIXE

PMAXE

3 - New step size determined after every step from the maximum absolute value of the second
and third order terms in the expansions used to update the positions of the particles. The
step size is kept within a range which is chosen by the program and which depends on
NSTEP.

4 - As 3, but without step size limitation.

= interaction range limitation switch (See documentation for the parameter NINT):
0 - interaction range limitation off.
1 - interaction range limitation on.

= Measure for the nominal number of interactions evaluated per particle per time step: If IRLIM=1,
the interaction between two particles is taken into account when their mutual distance is smaller
than the interaction range RINT and is ignored otherwise. The interaction range RINT is taken
equal to NINT times the linear particle density.

= Finite-size error correction switch:

0 - No velocity correction by DRIFT1 and DRIFT2.

1 - z-dependent velocity correction in DRIFT1 (after every time step) and DRIFT2 (at the end of
the ray-tracing).

= Number of divisions in the energy distribution histogram.(Range: 2 to MDIS, see MONTEC.INC).
= Number of terms in the polynomial fit function used for the energy distribution histogram.
(Range: 1 to MPOL, see MONTEC.INC).
Specifies the type of polynomial fit function used for the energy distribution histogram (notation:
N=NTE):
= 1 - Normal polynomial: aN+aN-1x+aN-2x2+...+alx(N-1)
0 - Even polynomial: aN+aN-1x2+aN-2x4+ ... +a1lx2(N-1)
-1 - Odd polynomial: aNx+aN-1x3+aN-2x5+...4+a1l1x(2N-1)
Specification of constraints forced onto the fit of the energy distribution histogram:
= 0 - No constraints.

1 - Fit-function is fixed to zero in the last division.

2 - Derivative of fit is fixed to zero in the last division.

3 - Combination of constraints 1 and 2.

Specifies the maximum energy displacement (from the mean energy) included in the histogram of

the energy distribution:

= >0 - PMAXE specifies the fraction of the total humber of particles to be included in the histogram.
(Range: 0.1 to 1.0).

<0 - PMAXE specifies the maximum energy displacement included in the histogram: Maximum
energy is } PMAXE } ' HWHM, where HWHM is the Half Width at Half Maximum of the energy
distribution. (Range: -0.1 to -10.0).
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NDT1, NTT1, NEXPT1, IFIXT1, PMAXT1
Specify the formation of the distribution of trajectory displacements (lateral distances between

STOREE

ISTORET1

perturbed and unperturbed final coordinates) and the corresponding fit function. These parameters

serve as input for the routine TBR (see MC-system file documentation, sections 4.4.6 and 4.4.7) and

are similar to those used to specify the formation of the energy distribution histogram (performed by
the routines SYMEBR and ASYEBR). See NDE, NTE, NEXPE, IFIXE and PMAXE respectively for further
details.
NDT2, NTT2, NEXPT2, IFIXT2, PMAXT2

Specify the formation of the distribution of the final perturbed lateral coordinates, performed by the

routines RNDTBR and RECTBR (see MC-system file documentation, section 4.4.7). The meaning of
these parameters differs for RNDTBR and RECTBR:
For RNDTBR the operation of these parameters is completely similar to NDE, NTE, NEXPE, IFIXE

and PMAXE respectively, used for the formation of the energy distribution histogram and

corresponding fit function.

For RECTBR:.

NDT2:

NEXPT2:

IFIXT2:

PMAXT2:

>0 NDT2 specifies the number of divisions in the total histogram of the spatial
distribution in x and y direction respectively.

<0 NDT2 specifies the nhumber of divisions in the edge of the histogram of the
spatial distribution in x and y direction respectively.

Settings as for NEXPE. In addition:

2 - Reduced polynomial: a N + a N-1 x 1/(N-1) + a N-2 x 2/(N-1) + ... +al1lx

-2 - Reduced odd polynomial: a N x 1/(2N-1) + a N-1 x 3/(2N-1) + ... + a1 x

Note: The program shifts the origin of the coordinate system used for the fit of

the edge (approximately) to the center of the edge. The expectation is that the

edge follows an odd function with respect to this origin.

Specification of constraints forced onto the fit of the edge of the spatial

histogram:

0 - No constraints

1 - Continuous joint of the fit of the spot-edge with the intensity level at the
center of the spot.

2 - Fit of the spot-edge is horizontal at the boundary with the central intensity
level.
3 - Combination of constraints 1 and 2.

is not active for RECTBR. The program automatically chooses the range of the

spatial histogram from the dimensions of the spot.

Energy histogram storage switch:

0 - No storage to file

1 - Storage to file

Trajectory displacement histogram storage switch (storage to .SDI file):

0 - No storage to file
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ISTORET2

IMT1

IMT2

1 - Storage to file
= Spatial histogram storage switch (storage to .SDI file):
0 - No storage to file
1 - Storage to file
specifies the Focusing criterion used by the routine TBR (through its absolute value |[IMT1]|) as well
as the type of algorithm used to separate space charge (SC) effects from trajectory displacement
(TD) effect (through the sign of IMT1). The routine TBR seeks to minimise the transverse
broadening by varying:
(1) The defocusing distance DZ of the final image
(2) The (de)magnification M of the final image (For IMT1>0 only).
The routine thereby effectively eliminates the first order optical effects of the SC "lens" represented
by the defocusing distance DZ and the (de)magnification M. The influence of the magnification M is
only relevant for large spot/field sizes as e.g. used in projection lithography systems::
= >0 - TBR will vary both DZ and M (2-dimensional optimization).
<0 - TBR will vary DZ only (1-dimensional optimization), assuming that M=1.
= 1/-1 - Focusing on the FW 50 (Full Width median) value.
2/-2 - Focusing on the FW 90 value.
3/-3 - Focusing on the FWHM value. The FWHM value is determined from the the least square fit
of the trajectory displacement histogram.
Specifies the Focusing criterion used by the routines RNDTBR and RECTBR. Its operation differs for
the two routines:
- For RNDTBR its operation is similar to IMT1, but only positive values are allowed:
1 - Focusing on the FW 50 (Full Width median) value.
2 - Focusing on the FW 90 value.
3 - - Focusing on the FWHM value. The FWHM value is determined from the the least square
fit of the trajectory displacement histogram.
- For RECTBR:
1 - Focusing on the edge-width calculated as the difference between the spot Half Width
values containing 95% and 85% of the particles respectively.
2 - Focusing on the FW 90 spot-width.
3 - Focusing on the d 2575 edge-width (distance between the 25% and 75% intensity
points). The d 2575 edge-width is determined from the least square fit of the edge

4.4.6 MC-system input file

The MC-system file consists of a series of system-commands specifying the optical properties of the
simulated column as well as the required data analysis of the final coordinates. The data organization
of the system input file is less stringent than that of the MC-data file. Most system commands
optional, can be used more than once, while their order is subject to a few rules only.

The MC-system file may contain any number of comment lines, which should be indicated by a "C" or

a "*" in the first column. Comment lines as well as blank lines are ignored by the program. Lines with
a blank in the first column (which are, however, not entirely blank) are assumed to be data lines. Each
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data line of the MC-system file is divided into 7 fields. The first field, which is 6 columns wide, is
reserved for a system command. The other fields, which are 10 columns wide each, contain the
system command parameters. The fields are separated by an arbitrary character (for which it is
convenient to use

). Some system commands require more than 6 system command parameters
and therefore occupy more than one data line. The continuation lines are characterized by the absence
of a system command in the system command field. All command parameters should be specified in
the prescribed order. The location of the data-entry within a data field is arbitrary.

The following table shows the available system commands and associated command parameters:

column: 1 2 3 4 5 6 7

C Source-commands:

| SOURCE| % | XCTR |  YCTR | IDS |  XHW |  YHW
| IDA | AHW | TCA |

IMULSRC| % | XCTR | YCTR | IDS | XHW |  YHW
|  NX | NY | CX | CY | IDA |  AHW
| TCA | FWIR |

| TSTSRC| % | XCTR |  YCTR | XHW | YHW |  NX
| NY | AHW | NA | NE \

C

C Ray-tracing commands:

IDRIFT1| 20 | 2zl |  BVO | BV1 | INTER | IPS |
| DRIFTZ2 | z0 | z1 | BVO | BV1 \ INTER \ IPS
|DRIFT3 | Z0 | z1 | BVO | BV1 \ INTER \ IPS
C or
| DRIFT3 | z0 | z1 | BVO | BV1 \ INTER \ IPS
| ZCTRF | XCTRF | YCTRF | IDSF \ XHWF \ YHWF \
| IDAF | AHWFF | TCAF | IDEF |  FWEF |

C
C Optical elements:
| LENS | Z | XCTR | YCTR | F

C or with aberrations:

|[LENS | Z | XCTR | YCTR | F
| Cs | CC | RD | RC
| QUADRP| Z | XCTR | YCTR | FX | FY

C or with aberrations:
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column: 1 2 3 4 5 6 7

|QUADRP | % |  XCTR |  YCTR | FX | FY
| C30 |  C03 | c21 | C12 |  ccx | ccy
|DEFLCT| 2 |  AX | AY | DC
|APERTR| 2 |  XCTR |  YCTR | XHW | YHW | ISHP
o

C Accumulation of final coordinates from successive seeds:
|ACCUM |

C Storage or retrieval of final coordinates:
| STOREC |
|READC |

C

C Data analysis:

| PROCCO| IMETH | NDV | NTVU | NTVP | FRACT \ IPS
| SYMEBR |

|ASYEBR |

| TBR | ZREF | IFOC |

|RNDTBR| ZREF | IFOC |

|RECTBR| ZREF | IFOC

|FOCUS | ZREF | IFOC |

cC

C Storage of final positions in some reference plane:
| STOREP | ZREF | IFOC |

cC

C Program test and termination routines:
| TESTCL |
| STOP |

The first letter of each parameter name specifies the corresponding variable type. Parameters starting
with a letter in the range A-H or O-Z are reals. Their numerical value should be entered by means of
the FORTRAN F-format, E-format or D-format. Parameters starting with a letter in the range I-N are
integers and should be specified as such. All physical quantities should be given in SI-units.

As was mentioned earlier, the data organization of the system input file is not very stringent. However,
a few rules should be obeyed. To some extend, these rules depend on the presence of the READC
command. When the MC-system file does NOT contain the READC command, the following rules apply:

e A MC-system file should contain at least two system commands:
1) A source command: SOURCE, MULSRC, or TSTSRC.
2) The ACCUM command to instruct the program to accumulate the final coordinates determined in
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the individual seeds.

e The first system command should specify a source.

e The source command, ACCUM command, STOREC command and TESTCL command may only by

used once.

e The number of apertures and the number of drift sections should not exceed the values specified by
the parameters MAPERT and MDRIFT (See file MONTEC.INC) respectively. The other commands may
be used an arbitrary number of times. - All optical element system commands and ray-tracing

system commands should be entered after the source command and before the ACCUM command.

e The data storage system commands (STOREC and STOREP) as well as all data analysis system
commands (SYMEBR, ASYEBR, TBR, RNDTBR, RECTBR, PROCCO and TESTCL) should be entered

after the ACCUM command.

When the MC-system file does contain the READC command the program will ignore all commands
concerning the beam definition, that is the source command, all optical element and drift commands as
well as the ACCUM command and TESTCL command. The program proceeds directly with the data
analysis commands. Accordingly, the constraints given above with respect to the beam defining

commands become irrelevant.

4.4.7 System commands and parameters specification

SOURCE: Random initialization of particle coordinates for a single emitter. Parameters:

Z =
XCTR =
YCTR =
IDS =

XHW =
YHW =
IDA =

AHW =
TCA =

N.B.: The emission current BI, the beam voltage at emission BV, the FWHM energy spread FWE and

z-coordinate of the emission plane in m.

x-coordinate of the center of the source in m

y-coordinate of the center of the source in m

Type of spatial distribution

1 - Circular uniform distribution with radius XHW.

2 - Circular Gaussian distribution with Half Width at Half Maximum (HWHM) radius XHW.
3 - Rectangular uniform distribution with Half Widths XHW and YHW in x and y direction
Half Width in x-direction in m.

Half Width in y-direction in m.

Type of angular distribution:

1 - Circular uniform distribution with semi-angle AHW.

2 - Circular Gaussian distribution with Half Width at Half Maximum (HWHM) angle AHW.

3 - Velocity distribution according to the half Maxwell-Boltzmann distribution, specified by
the cathode temperature TCA. This velocity distribution determines both the initial
angular and the initial energy distribution. The energy spread specified by FWE and

IDE (defined in the MC-data file) is added to the spread determined by TCA.
Beam semi-angle (applies for IDA=1,2) in Rad.
Temperature of cathode surface in K (applies for IDA=3).

the type of energy distribution IDE are specified in the MC-data file.
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MULSRC: Random initialization of particle coordinates for a two- dimensional rectangular array of emitters.

Parameters:

z
XCTR
YCTR
XHW
YHW
NX
NY
CX
Cy

IDS

IDA

AHW

TCA
FWIR

z-coordinate of the emission plane in m.

x-coordinate of the center of the source array in m.

y-coordinate of the center of the source array in m.

Half Width of the emitter array in x-direction in m.

Half Width of the emitter array in y-direction in m.

Number of emitters in x-direction

Number of emitters in y-direction. (total number of emitters in the array is NX*NY).

Linear contraction in x-direction.

Linear contraction in y-direction. The linear contraction is defined as the ratio of the length

of the actual emission area and the available length per source. The Half Widths of the

individual sources in x and y direction, XHWS and YHWS, are calculated as:

XHWS=CX*XHWM/NX

YHWS=CY*YWHM/NY.

Type of spatial distribution of the individual emitters:

1 - Circular uniform distribution with radius XHWS.

2 - Circular Gaussian distribution with Half Width at Half Maximum (HWHM) radius XHWS.

3 - Rectangular uniform distribution with Half Widths XHWS and YHWS in x and y direction.

Type of angular distribution of the individual emitters:

1 - Circular uniform distribution with semi-angle AHW.

2 - Circular Gaussian distribution with Half Width at Half Maximum (HWHM) angle AHW.

3 - Velocity distribution according to the half Maxwell-Boltzmann distribution, specified by
the cathode temperature TCA. This velocity distribution determines both the initial
angular and the initial energy distribution. The energy spread specified by FWE and
IDE (defined in the MC-data file) is added to the spread determined by TCA.

Beam semi-angle for the individual emitters (applies for IDA=1,2) in Rad.

Temperature of cathode surface in K (applies for IDA=3).

Full Width at Half Maximum spread in the beam current of the individual sources relative to

the total beam current. The distribution is assumed to be Gaussian.

N.B.: The total emission current BI (produced by all emitters), the beam voltage at emission BV, the

FWHM energy spread FWE and the type of energy distribution IDE are specified in the MC-data file.

TSTSRC: Deterministic initialization of particle coordinates for a two- dimensional rectangular array of point-

emitters (Test source). Parameters:

z
XCTR
YCTR
XHW
YHW
NX
NY

z-coordinate of the emission plane in m. (Use -1. for last specified z-coordinate)
x-coordinate of the center of the source array in m.

y-coordinate of the center of the source array in m.

Half Width of the emitter array in x-direction in m.

Half Width of the emitter array in y-direction in m.

Number of point-emitters in x-direction.

Number of point-emitters in y-direction. (total number of emitters in the array is NX*NY).
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AHW
NA

NE

Beam semi-angle for the individual emitters in Rad.

Number of angular directions per emitter. The routine produces 1 central ray and NA-1
rays at angle AHW, in azimuthal direction equally spaced over 2x .

Number of different energies per ray. The energy deviations relative to the mean energy
are equally spaced over the interval FWE (specified in the MC-data file).

N.B.: The total emission current BI and the beam voltage at emission BV are specified in the MC-data

file.

DRIFT1: Numerical ray-tracing.

DRIFT2: Analytical ray-tracing.

DRIFT3: Analytical ray-tracing with field particles.
Parameters of DRIFT1, DRIFT2 and DRIFT3:

Z0

Z1
BVO

BV1
INT

IPS

z-coordinate of entrance plane (start drift section) in m. (Use -1. for last specified z-
coordinate).
z-coordinate of exit plane (end drift section) in m. (Use -1. for last specified z-coordinate).
Beam potential in the entrance plane (Z=2Z0). (Use -1. for last specified beam potential or
the beam potential specified in the MC-data file when no beam potential was specified so
far in the MC-system file).
Beam potential in the exit plane (Z=Z1). (Use -1. for last specified beam potential).
interaction / boundary condition switch:
0 - Off: No interaction between particles
1 - On, using the following boundary conditions (which differ for DRIFT1, DRIFT2 and
DRIFT3):
DRIFT1: Particle i interacts with all other particles in the sample as long as zy < z;
< zi.

DRIFT2 & interaction between a pair of particles starts when the foremost particle

DRIFT3: is located in the entrance plane (z=zg).
2 - On, using the following boundary conditions (which differ for DRIFT1, DRIFT2 and
DRIFT3):
DRIFT1: : Particle i interacts with particle j as long as both z; < z; < z; and zy < z;
< zi.

DRIFT2 & interaction between a pair of particles starts when the last particle is
DRIFT3: located in the entrance plane (z=zg).
Notes:

- INT=2 seems most appropriate when the entrance plane (z=z 0 ) coincides with
the emission plane of the source. For other cases use INT=1 to switch interaction
on.

- interaction on (INT=1,2) is overruled when the global interaction switch INTER=0
(specified in the MC-data file).

- Every seed is run twice. One time with the interaction off and one time with the
interaction on/off as specified by the switches INTER and INT.

Printer status switch:
0 - Reduced output.
1 - Maximum output.
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DRIFT3: The additional parameters included in the extended (three lines) DRIFT3 command specify the
properties of the field particle source. For the usual (one line) - DRIFT3 command the program takes
over the source properties specified by SOURCE or MULSRC for the definition of the field particle
source. Most of the additional parameters included in the extended DRIFT3 command are equivalent to
those used for the SOURCE command (An F, for Field particles, has been added to all parameter
names). The reader is referred to the documentation of the SOURCE system command for further
details on these parameters. Two parameters remain (which are for the SOURCE command specified in
the MC-data file):

IDEF = Type of energy distribution of field particles at emission:
1 - Uniform.
2 - Gaussian.
3 - Lorentzian.
FWEF Full Width at Half Maximum energy spread of the field particles at emission in V.

LENS: Simulates a thin lens with aberrations (using the two lines LENS command) or without aberrations

(using the one line LENS command). Parameters (See reference R-1) for details on the lens

algorithm):

Z = z-coordinate of the lens-plane in m. (Use -1. for last specified z-coordinate).

XCTR = x-coordinate of the center of the lens in m.

YCTR = y-coordinate of the center of the lens in m.

F = focal length in m.

CS Coefficient of spherical aberration in m for an object which is located at (minus) infinity.
CcC Coefficient of chromatic aberration in m for an object which is located at (minus) infinity.
RD Coefficient of rotational distortion of a magnetic lens in Rad.

RC Coefficient for the chromatic error in the rotation of a magnetic lens in Rad.

QUADRP: Simulates a thin quadrupole with aberrations (using the two lines QUADRP command) or without
aberrations (using the one line QUADRP command). Parameters (See reference R-1) for details on the
quadrupole algorithm):

Z = z-coordinate of the quadrupole-plane in m. (Use -1. for last specified z-coordinate).
XCTR = x-coordinate of the center of the quadrupole in m.

YCTR = y-coordinate of the center of the quadrupole in m.

FX = focal length in x-direction in m.

FY = focal length in y-direction in m.

C30 = Third order aberration coefficient associated with the term x3 in m.
Cco3 = Third order aberration coefficient associated with the term y* in m.
c21 = Third order aberration coefficient associated with the term x%y in m.
C12 = Third order aberration coefficient associated with the term xy? in m.
CCX = Coefficient of chromatic aberration in x-direction in m.

CCYy = Coefficient of chromatic aberration in y-direction in m.

N.B.: All aberration coefficients refer to an object plane which is located at (minus) infinity.

DEFLCT: Simulates a thin deflector possibly with dispersion. Parameters:
Z = z-coordinate of the deflector-plane in m.
AX = Angular deflection in x-direction in Rad.

AY

Angular deflection in y-direction in Rad.
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APERTR:

ACCUM:

STOREC:
READC:

PROCCO:

DC = Dispersion (chromatic aberration) coefficient in Rad.
Simulates a round or rectangular aperture or disk (inverted aperture). The APERTR command operates
on the perturbed coordinates only, see ACCUM command documentation. Parameters:

z = z-coordinate of the aperture plane in m. (Use -1. for last specified z-coordinate).
XCTR = x-coordinate of the center of aperture in m.

YCTR = vy-coordinate of the center of aperture in m.

XHW = Half Width of the aperture in x-direction in m.

YHW = Half Width of the aperture in y-direction in m.

ISHP = Aperture shape/type specifyer:

1 - Circular aperture with radius XHW.

2 - Rectangular aperture with Half Widths XHW and YHW in x and y direction.

-1 - Circular disk with radius XHW.

-2 - Rectangular disk with Half Widths XHW and YHW in x and y direction.
Accumulates unperturbed and perturbed particle coordinates evaluated in the individual seeds. It
stores the corresponding perturbed and unperturbed coordinates to array-memory. The program
performs the "interaction off cycle" of a seed first. ACCUM buffers the resulting unperturbed
coordinates. The "interaction on cycle" is performed next. When APERTR commands are active, the
resulting number of perturbed particles will be smaller than the number of unperturbed particles (since
APERTR acts on the perturbed coordinates only). ACCUM stores the perturbed and unperturbed
coordinates of those particles which arrive at the end of the system in the "interaction on cycle".
ACCUM interrupts the program when:

- The maximum number of particles (MTOT, see file MONTEC.INC) is stored. The program skips
the remaining seeds and continues with the data analysis of the final coordinates.

- The unperturbed coordinate buffer space is full. ACCUM has the facility to store at most
MSAM+MTOT/3 unperturbed coordinates per seed, which might be insufficient in the presence
of apertures when MTOT<3 x MSAM. See section 4.5.4 for further details.

Stores the final perturbed and unperturbed coordinates (accumulated in all seeds) to file.
Reads the final perturbed and unperturbed coordinates from file. When the READC command is
included in the MC-system file, the program ignores all commands defining the beam (source
commands, drift commands and optical element commands) and continues with the data analysis of
the coordinates which are read from file.
Processes final coordinates to correct finite-size effects (or end effects). The z-dependency of the z-
component of the particle velocities (for short: z-velocities) is evaluated and compensated. The
method is as follows:
The final z-coordinates are divided into a number of z- intervals. The average z-velocity is determined
for each interval which results in a z-velocity versus z-position histogram. The z-dependency of the z-
velocities is determined by fitting a polynomial function through the histogram. The fit-function serves
to evaluate the deterministic z-velocity deviation of all perturbed particles, which is then compensated.
Parameters:
IMETH = Compensation method specifyer:

1 - z-dependency is evaluated of both perturbed and unperturbed z-velocities. The

perturbed z- velocities are adjusted such that the difference between both-

dependencies is removed.
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SYMEBR:

ASYEBR:

TBR:

RNDTBR:

RECTBR:

2 - z-dependency of perturbed z-velocities is evaluated only. The perturbed z-velocities
are adjusted such that the z-dependency is removed.

NDV = Number of z-position divisions.

NTVU = Number of terms of the polynomial fit function used for the unperturbed coordinates.
NTVP = Number of terms of the polynomial fit function used for the perturbed coordinates.
FRACT = Fraction of particles used in the fit-procedure. The central fraction of the particles is

used. (admitted range 0.1< 1).
IPS = Printer status:

0 - No output

1 - Output of a limited number of characteristic quantities.

2 - As 1 + output of least square fit function(s).

3 - As 2 + output of z-velocity versus z-position histogram and corresponding fit values.
Evaluates the energy distribution of the final perturbed coordinates. The energy distribution is
assumed to be symmetrical with respect to the average energy of the particles.
Evaluates the energy distribution of the final perturbed coordinates. The energy distribution may
possibly be asymmetrical with respect to the average energy of the particles. ASYEBR should be used
when the source command (SOURCE or MULSRC) represents a thermionic source (IDA=3).
Evaluates the distribution of trajectory displacements (lateral displacements from the unperturbed
positions) in a reference plane from the final unperturbed and perturbed coordinates.
Evaluates the distribution of the perturbed final positions in a reference plane. The spatial (current
density) distribution in the reference plane is assumed to be circular (round) as in Gaussian beam
systems.
Evaluates the distribution of the perturbed final positions in a reference plane. The spatial (current
density) distribution in the reference plane is assumed to be rectangular as in shaped beam systems.
The edge-width of the spot is evaluated.

Parameters of TBR, RNDTBR and RECTBR:

FOCUS:

ZREF = z-coordinate of the reference plane in m used when IFOC=0. (Use -1. for last specified z-
coordinate).
IFOC = Focusing switch:

0 - No Focusing: Spatial distribution evaluated in the plane Z=ZREF.

-1 - No Focusing: Spatial distribution evaluated in the plane of best focus which was
evaluated previously by TBR, RNDTBR or RECTBR. The plane of best focus determined
last is taken over. In case no plane of best focus has been determined so far Z=ZREF
is used.

1 - Focusing as specified by the parameter IMT1 (TBR) or IMT2 (RNDTBR/RECTBR),
defined in the MC-data file. The Focusing is an iterative procedure which starts with
Z=7ZREF.

Provides an alternative algorithm for determining the best focal plane by evaluating the image condition
in velocity-position phase-space. Parameters:
ZREF = z-coordinate of the reference plane in m used as starting condition for the Focusing
routine (Use -1. for last specified z-coordinate).
IFOC = Plane of best focus update selection switch:
0 - Reference plane ZREF is NOT updated (Default setting).
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1 - Reference plane ZREF set to z-value determined by FOCUS (which can then be used
by TBR, RNDTBR and RECTBR by setting the corresponding input variable ZREF=-

1).
STOREP: Stores the final perturbed and unperturbed positions of the particles in a reference plane. Parameters:
ZREF = z-coordinate of the reference plane in m used when IFOC=0. (Use -1. for last specified z-
coordinate).
IFOC = Plane of best focus selection switch:

0 - Positions evaluated in the plane Z=ZREF.

-1 - Positions evaluated in the plane of best focus which was evaluated by TBR, RNDTBR
or RECTBR. The plane of best focus determined last is taken over. In case no plane
of best focus has been determined when the STOREP command is called, it uses
Z=7ZREF.

1 - Take over Focusing performed by TBR. The STOREP command has to be placed after
the TBR command.

2 - Take over Focusing performed by RNDTBR or RECTBR. The STOREP command has to
be placed after the RNDTBR/RECTBR command.

TESTCL:  Test routine which evaluates the following properties for both the perturbed and the unperturbed final
coordinates of all particles:
- Velocity of the center of mass
- Average angular momentum relative to the center of mass
- Average potential energy (Coulomb potential due to presence of neighboring particles in the sample)

+ kinetic energy relative to the center of mass.

This data serves to verify whether the conservation laws for momentum, angular momentum and
energy are fulfilled. TESTCL should be called after the ACCUM command. It can not be used in
conjunction with the READC command.

STOP: Instructs program to ignore the remaining system commands.

4.4.8 Source code organization of MC program

The FORTRAN source code of the MC program is not included with the standard MonTec package. In
case you are interested to purchase the MC source code, please contact Caneval BV (See contact
information on page 2).

The FORTRAN source code of the MC program is divided into 34 files, which can be compiled separately
and linked afterwards. The file MONTEC.INC contains that part of the source code which is shared by
many sub-routines. See chapter 4.5.4 for more detailed information. MONTEC.INC is included into the
source code by means of the (non-standard) FORTRAN "INCLUDE" statement.

The division of the source code into separate files reflects the organization of the program in terms of
functional units. The table below gives an overview of the file names, the function of the included
source code and the hierarchy between the functional units. For further details, the reader is referred
to the comment contained within the source code files.
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Name:
MAIN.FOR

MONTEC.INC

PCFILE.FOR
INDATA.FOR

SYSTEM.FOR

PCSCR.FOR
SOURCE.FOR
MULSRC.FOR
TSTSRC.FOR
RANDOM.FOR

DRIFT1.FOR
DRIFT2.FOR
DRIFT3.FOR
LENS.FOR
QUADRP.FOR
DEFLCT.FOR
APERTR.FOR
ACCUM.FOR
SYMEBR.FOR
ASYEBR.FOR
PROCCO.FOR
TBR.FOR
TFW.FOR

RNDTBR.FOR
RNDTFW.FOR

RECTBR.FOR
RECTFW.FOR

FOCUS.FOR

Called by:

MAIN
MAIN

MAIN

PCFILE
SYSTEM
SYSTEM
SYSTEM
SOURCE,
MULSRC
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
TBR

SYSTEM
RNDTBR

SYSTEM
RECTBR

SYSTEM

Function:

Main program. Calls PCFILE and INDATA one time and SYSTEM NSEED
times (NSEED is specified in the MC- data input file).

Contains a number of parameters which specify array-sizes, unit-numbers
and file formats.

Connects program units to external files.

Reads MC-data input file and checks input data. Defines the relevant
physical and mathematical parameters and initiates program control
parameters.

Reads system input file and calls the appropriate subroutines to perform
the system commands. Stores general messages to the general output
file. Directs screen through PCSCR.

Controls output to the screen.

Performs system command SOURCE.

Performs system command MULSRC

Performs system command TSTSRC.

Generates pseudo-random numbers.

Performs system command DRIFT1.

Performs system command DRIFT2.

Performs system command DRIFT3

Performs system command LENS.

Performs system command QUADRP.

Performs system command DEFLCT.

Performs system command APERTR.

Performs system command ACCUM.

Performs system command SYMEBR

Performs system command ASYEBR

Performs system command PROCCO.

Performs system command TBR

Evaluates the radial distribution of trajectory displacements in a given
reference plane and computes one or more measures for the width of this
distribution.

Performs system command RNDTBR.

Evaluates the radial distribution of the perturbed coordinates in a given
reference plane and computes one or more measures for the width of this
distribution.

Performs system command RECTBR.

Evaluates the x and y distribution of the perturbed coordinates in a given
reference plane and computes one or more measures for the edge- width
of these distributions.

Performs system command FOCUS which provides an alternative
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Name: Called by: Function:
algorithm for the best focal plane by investigating the image condition in
velocity-position phase-space.

MINIM.FOR TBR, RNDTBR, 1-dimensional and 2-dimensional minimisation routines.
RECTBR, FOCUS
RECTFW
SORT.FOR SYMEBR, ..., Sorts array elements on size in ascending order.
RECTFW
FIT.FOR SYMEBR, ..., Computes least square fit of histograms using a polynomial function.
RECTFW
WIDTH.FOR SYMERBR, ..., Computes width of a distribution from its least square fit function.
RECTFW
IOPAC.FOR SYSTEM Input/Output of perturbed and unperturbed particle coordinates and
positions. Performs system commands STOREC, READC and STOREP.
TESTCL.FOR SYSTEM Performs system command TESTCL.

4.4.9 Demonstration system input file DEMO1.SYS

The input data contained in the file DEMO1.SYS specifies a electron beam projection lithography
system resembling the properties of the SCALPEL Proof of Concept (See reference R-2 for a summary
or the original data in S.D. Berger et al.,]. Vac. Sci. Technol. B 9. 1996 (1991) or S.D. Berger et al.,
Proc. SPIE 2322, 434 (1994). The figure below shows the schematics of such a charged particle
projector lithography system.
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Unlike the conventional electron beam direct write systems, this type of machine uses a relatively wide
parallel beam to transfer a mask pattern to the wafer. The illumination system is for the modeling
purpose represented by a simple, single condenser lens system. In practice a more sophisticated
condenser arrangement may be used to assure a proper uniform illumination of the mask. The mask

(also referred to as reticle) is imaged to the target by the lens-doublet with focal distances of f; and £.
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The system can be characterized by the following independent key design parameters: The beam
current at the wafer I, beam voltage at the wafer V, system length from mask to target Ls=2(f;+f1),
magnification from mask to target M, Image field size (edge length of square) F and Numerical
Aperture (beam semi-angle at the image plane) NA. The table below lists the default values for these

parameters for the DEMO1.SYS system considered here.

System parameter Symbol Unit DEMO1.SYS setting
Beam current at target / pA 10

Beam potential 4 kV 100

System length from mask to target Ls = 2(f1+f,) m 0.4
Transverse magnification from mask to target M - 0.25

Image field size F mm 0.25
Numerical Aperture NA mRad 2

This parameter choice implies that fo= f;=160 mm, f,=40 mm, as=5 mRad and r.=80 um, as follows
directly from the first order optics of the system. This input data is directly reflected in the DEMO1.YS
file, listed below:

R SR R I Sb b I Sb b S Sb b S Sh I S Sb I S S S S S S S b S b Sb b b S db I Sb b S S b S Sh b I Sb 2b S Sb b S Sb b S S e S 2 I S b S b e Sb b S b S b 3

* MC-SYSTEM INPUT FILE: DEMO1.SYS

KK AR R AR R AR A AR A AR A A AR A AR A AR A A AR AR A AR A AR A A A A A A A A A A KA AR A AR A AN A A AR A A A kA A kA A Ak kK

C
CH*xxxxx SOURCE, OPTICAL ELEMENTS AND DRIFT SECTIONS
C
| SOURCE| 0.000E+00| 0.000E+00| 0.000E+00] 2] 8.000E-05] 8.000E-05]
| 1| 5.000E-03| 2.500E+03]
| DRIFT2 | -1.E+00| 1.600E-01| -1.E+00] -1.E+00] 0l 1]
| LENS | -1.E+00| 0.000E+00| 0.000E+00| 1.600E-01|
| 1.600E-01| 8.000E-02| 0.000E+00| 0.000E+00 |
| APERTR | -1.E+00| 0.000E+00| 0.000E+00| 6.600E-04| 6.600E-04| 2]
| DRIFTZ2 | -1.E+00| 3.200E-01| -1.E+00| -1.E+00| 0l 1]
| APERTR | -1.E+00| 0.000E+00| 0.000E+00| 5.000E-04| 5.000E-04| 2
| DRIFT2 | -1.E+00| 4.800E-01| -1.E+00] -1.E+00] 1| 1]
| LENS | -1.E+00| 0.000E+00| 0.000E+00| 1.600E-01|
| 1.600E-01| 8.000E-02| 0.000E+00| 0.000E+00 |
| DRIFT2 | -1.E+00| 6.800E-01| -1.E+00] -1.E+00] 1| 1]
| LENS | -1.E+00| 0.000E+00| 0.000E+00| 4.000E-02|
| 4.000E-02| 2.000E-02| 0.000E+00| 0.000E+00 |
| DRIFT2 | -1.E+00| 7.200E-01| -1.E+00] -1.E+00] 1] 1]
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ONR ACCUMULATION AND STORAGE OF FINAL PARTICLE COORDINATES
C
| ACCUM |
| STOREC |
* | READC |
C
C *HxHxkkk DATA ANALYSIS
C
| TBR | -1.E+00] 0]l
| RECTBR| -1.E+00| 0l
| TBR | -1.E+00] 1]
|RECTBR | -1.E+00] -1
| SYMEBR |
| PROCCO | 1] 10] 1] 1| 8.000E-01| 2|
| SYMEBR |
C
C xAxkkkk STORAGE OF PARTICLE POSITIONS IN REFERENCE PLANE (S)
C
| STOREP | -1.E+00| 0l
| STOREP | -1.E+00] -1

The lines with a "C" or a "*" in the first column are ignored by the program. For this file, the following
notation convention is used: Lines starting with a "C" are comment lines, while lines starting with a "*"
contain temporarily deactivated system-commands. The active lines (starting with a blank) can be
analyzed from the description of the system commands given in section 4.4.7. Please, recall that the
entries “-1.E+00” refer to default values. For fields specifying an axial location, the default value is
equal to the last specified z-coordinate. For fields specifying a beam voltage (present in the DRIFT
commands), the default value is equal to the last specified beam voltage or, when beam voltage has
been specified so far, it is taken equal to the beam voltage specified in the MC-data input file.

In the remaining part of this section, we will first discuss the optical system specified by DEMO1.SYS
and next discuss the system commands pertaining to the data analysis of the final coordinates.

The source specified in the MC-system file represents the virtual source as it is seen from the
Condenser lens looking backwards. The modeled source and illumination system represents a
simplification from reality, which is adequate because - in a projector system of this type - the mask,
rather than the source, is imaged to the target. Hence, the trajectory displacement effect and space
charge defocus generated in the beam sections up to the mask do not directly affect the system
resolution. This is also the reason for disregarding the interactions in the first two DRIFT sections (The
DRIFT command parameter INT=0 in the first two DRIFT commands). The combined energy spread
from the source at emission and the Boersch effect generated in the beam up to the mask are
accounted for through the input parameter FWE in the MC-DATA file (See section 4.4.10), as well as
the parameter IDE specifying the shape of the energy distribution (DEMO1.DAT uses FWE = 1 eV and
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IDE=2, implying a Gaussian energy distribution with FWHM = 1 eV).

The total beam consists out of five beam sections (that is five drift spaces). The first two beam sections
represent the illumination system. The mask is represented as an aperture at the beginning of the third
beam section. The condenser aperture and the “"mask” aperture remove about 42% of the total beam
current at the source. The beam section following the mask is nearly parallel, followed by the crossover
section in between the telecentric lens doublet. The fifth beam section represents the beam in between
the second doublet lens and the target.

All specified lenses are assumed to introduce chromatic as well as spherical aberrations. These lens
aberrations can simply be switched off by deactivating the second line of each LENS command (which
contains the aberration constants), e.g. by placing an asterisk (**”) in the first column of each of these
lines.

N\

The data analysis pertains to the spatial distribution (system commands TBR and RECTBR) and the
energy distribution (system command SYMEBR) of the beam in the vicinity of the target plane. The
target plane is optically conjugated to the mask and the shape of the current density distribution is
therefore expected to be square. The most important feature of the spot is its edge-width. The
successive commands consider the following properties of the beam:

TBR (IFOC=0): Distribution of displacements in the Gaussian image plane.
e RECTBR (IFOC=0): Spatial distribution in the Gaussian image plane.

e TBR (IFOC=1): Distribution of displacements in the plane of best focus. This plane is obtained by
seeking the axial location for which the width of the distribution of displacements becomes
minimum.

e RECTBR (IFOC=-1): Spatial distribution in the plane of best focus. The routine takes over the axial-
coordinate determined by TBR (For IFOC=1 it would re-perform the search for the plane of best
focus, using its own criterion).

e SYMEBR: Energy distribution. The distribution is assumed to be symmetric, which is consistent with
the source specification.

e PROCCO: Performs a correction to the final axial-velocities to reduce finite-size effects. See section
4.4.7 for further details. In general, the user is advised to position the PROCCO command after
the TBR, RNDTBR or RECTBR commands, as in the DEMO1.SYS file.

e SYMEBR: Energy distribution after correction of finite-size effects. The results should be compared
with those obtained with the first SYMEBR command. The size of the differences indicate the
significance of finite size-effects.

The STOREP commands instruct the program to store the positions of the particles in the Gaussian
image plane (first STOREP command) and the plane of best focus (second STOREP command)
respectively.
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4.4.10 Demonstration mc-data input file DEMO1.DAT

The data contained in the file DEMO1.DAT specifies the variable properties of the beam and the general
program parameters. The file is listed below:

KK AR A AR A A AR A A AR A A A A A A A A A A A A A A A A AR A I AA A A A KA A I A A I AR I AR I AR A AR A AR A AR A AR A AR A AR A A h K

* MC-DATA INPUT FILE: DEMO1.DAT

KK AR KR AR A AR A AR A AR A A A A AR A AR A AR A A AR A A A A KA A A A A A A A A A AR A AR A AR A AN A AN AR A A A A A A A A Ak kK

C PM | PQ|
| 9.10956E-31| 1.00000E+00 |
of BI| BV | FWE | IDE | ICONS |
| 1.00000E-05|] 1.00000E+05| 1.00000E+00] 2 | 2|
ol INTER| NSAM| NSEED| NFIELD| NRAND |
| 1] 1700 6| 10000 123
ol NSTEP | ISTEPA | IRLIM| NINT | IPROC |
| 2000 | 1] 0] 1000 | 0]
of NDE | NTE | NEXPE | IFIXE| PMAXE |
| 50| 6| 0] 01-2.50000E+00 |
ol NDT1 | NTT1 | NEXPT1 | IFIXT1 | PMAXT1 |
| 50] 6 | 0] 0]-2.50000E+00 |
Cl NDT?2 | NTT2 | NEXPT2 | IFIXT2 | PMAXT?2 |
* | 40 | 6| 0] 01-2.50000E+00 |
| 100] 6 | 1] 3] 9.50000E-01|
Cl ISTOREE | ISTORET1 | ISTORET?2 |
| 1] 1] 1]
of IMT1 | IMT2 |
| -1 1]

As for the MC-system file, the program ignores the lines with a "C" or a "*" in the first column. Lines
starting with a "C" are comment lines, while lines starting with a "*" specify an alternative parameter
setting. The data specification can be understood from the description given in section 4.4.5. The
essential specifications are the following:

e The particles are electrons (as specified by PM and PQ).

e The source emits electrons with an average energy of 100 keV (as specified by BV). The total beam
current at the source is 10 pA (as specified by BI). The energy distribution at emission is of the
Gaussian type (as specified by IDE) with a FWHM of 1.0 eV (as specified by FWE).

e The simulation consists of 6 seeds (specified by NSEED), each seed starting with a sample of 1700
particles (specified by NSAM).

e The general interaction switch (INTER) is on. No limitation of the interaction range is applied (since
IRLIM=0). Finite size effects are not corrected during ray-tracing (since IPROC=0).
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e The line specifying the parameters NDT2, NTT2, NEXP2, etc. is selected for the edge-fit performed

by RECTBR. The deactivated line (with an asterisk in the first column) applies to RNDTBR.

e All distributions should be stored to file (as specified by ISTOREE, ISTORET1 and ISTORET2).

4.4.11 Running the MC program

It is assumed that you have installed the MC program conform the guidelines given in section 4.3.2.
You may start the sample simulation by entering (at a (DOS) command prompt):

RUN MC DEMO1 DEMO1

The simulation takes approximately 12 s on Pentium IV PC with a 1.5 GHz clock speed. After
termination of the program, the following output files exist:

DEMO1.0UT, contains all general messages and results.

DEMO1.COR. When the STOREC command is included in the MC-system file, this file contains the
final coordinates (perturbed and unperturbed) of all particles. The file is formatted and can be
examined with a normal (ASCII based) text editor, unless the default setting IFORMC=1 is
overruled during the interactive file allocation procedure. The storage of the final particle
coordinates to file allows you to re-perform the data analysis without repeating the ray-tracing.
The final coordinates can be read from the DEMO1.COR file by activating the READC system
command.

DEMO1.EDI, contains the histogram(s) of the final energy distribution(s), as specified by the
SYMEBR commands in the MC-system file.

DEMO01.SDI, contains the histogram(s) of the final spatial distribution(s), as specified by the TBR
and RECTBR commands in the MC-system file.

DEMO1.POS, contains the final particle positions (perturbed and unperturbed) in the Gaussian
image plane and the plane of best focus, as specified by the STOREP commands in the MC-system
file.

In the remaining part of this section, the contents of the file DEMO1.0OUT will be discussed briefly. The
other output files are examined in the next two sections using the plot facilities.

A listing of the file DEMO1.0OUT is included in APPENDIX A. Most of the output is self-explanatory.
Basicly, the file consists of three parts:

Data files and general parameters: This data is written to the output file by the SYSTEM subroutine
during the start of the first seed. It specifies the input files used by the program as well as some
general parameters.

Specification of system and calculations: This section contains the messages produced by the
source, ray-tracing and optical element routines which are issued by the system commands in the
MC-system file. The data is written to file during the last seed (However, error messages of fatal
errors are written to file as soon as they occur). A substantial part of the data simply reproduces
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the specifications contained in the system and MC-data input file. Some routines, the ray-tracing
routines in particular, also produce some numbers which are characteristic for the calculations
which have been performed. DRIFT2 gives some statistical information of the two-particle collisions
which have been evaluated. The reader is referred chapter 4.5 and reference R.1 for the
interpretation of these numbers.

e Results of Monte Carlo calculation: This section contains the results of the calculations performed
by the various data-analysis routines specified in the MC-system file. Successively, it provides the
information obtained by TBR in the Gaussian image plane, RECTBR in the Gaussian image plane,
TBR in the plane of best focus, RECTBR in the plane of best focus, SYMEBR before correction of
finite-size effects by PROCCO and SYMEBR after this correction. The reader is referred to chapter
4.5 for the interpretation of these numbers.

4.5 Modeling aspects

4.5.1 Accuracy limitations of the mc-program

The accuracy of a MC-simulation is limited by the occurrence of several types of errors. The following
error-categories should be distinguished: .

1. Model errors

The representation of the beam and the simulation of optical components within the MC-program relies
on a number of simplifying assumptions. All optical components are assumed to be thin and fully
described by their first and third order optical properties and chromatic aberration constants. External
fields, other than an uniform acceleration field, are assumed to be absent. Stray-fields, mechanical
vibrations and electrical charging effects are ignored. Clearly, this list can easily be extended with a
number of other obvious simplifications.

Less trivial is the model-error in the formation of the sample in the vicinity of the cathode surface. The
particles are randomly distributed over phase-space, reflecting the macroscopic properties of the beam.
All correlations between the initial coordinates are ignored in this procedure, which means that some
pairs of particles may start with an unrealistically large potential energy. These particles will experience
extreme large deviations from their unperturbed trajectories, which may not correspond to reality. For
that reason the tails of the resulting energy and trajectory displacement distributions should be viewed
with some caution. In general, large displacements should be disregarded in the data-analysis.
Distribution width-measures which are insensitive to the exact tails of the distribution (such as the Full
Width median value (FWsq ) and the Full Width at Half Maximum (FWHM)) are therefore preferred
above those which are dominated by a few large displacements (such as the root mean square (rms)
value).

2. Ray-tracing errors

The numerical ray-tracing (used by DRIFT1) is affected by an integration error, which depends on the
size of the time-step At. The local integration error, in the positions and velocities, is of the third order
in the time step At. Therefore, the total integration error is of the second order in At. This implies that
an increase of the integration accuracy by a factor A, requires a factor AY? more time steps, leading to
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a corresponding increase in CPU-time. The total integration error is estimated by the program and the
user can directly verify whether the accuracy of the ray-tracing has been sufficient or not.

The errors generated by the analytical ray-tracing (used in DRIFT2 and DRIFT3) are related to the
reduction to pair interactions. Within the two-particle model, the calculation of the displacements can
be considered as exact. The reduction to pair interactions is justified as long as the average number of
strong interactions per particle, experienced during the flight, is small. This number is counted by the
analytical ray-tracing routine and is printed out, which provides an indication of the validity of the Fast
Monte Carlo (FMC) approach. In this connection, it should be noted that the errors in the final
coordinates, due to the occurrence of strong collisions, are of a stochastic nature, which has favorable
effect on the overall accuracy of the FMC approach. Furthermore, it was found that the error in the
prediction of the statistical properties of the beam (like the width of the energy and trajectory
displacement distribution) is significantly smaller than the error in the exact final coordinates of the
individual particles. See reference R-3 for a more detailed discussion on this topic. .

3. Statistical errors

The accuracy of the estimation of the statistical properties of the beam is related to the total number of
particles Nyt , accumulated in all seeds (Niot =Nsam X Neeeq ). The statistical error in the rms-value and
the FWs, value of the energy and trajectory displacement distribution are estimated within the
program, which allows a direct verification by the user. As an additional test, one can run the same
simulation a number of times, using different start values for the random number generator (which is
specified in the MC-data input file). By observing the variation of the final results, one obtains some
idea of the statistical error involved. In order to improve the statistical accuracy by a factor A one has
to increase Ny by a factor A% . This should be done by running more seeds. Accordingly, the CPU-time,
which is directly proportional to the number of seeds, increases with a factor A% . .

4. Finite size errors

The qualification "finite-size effect" is used to denote all apparent interaction effects, present in the
final results of a MC- simulation, which are related to the inadequate representation of the beam by a
sample of particles of finite size. The following finite-size effects are distinguished:

e Underestimation of the interaction effects due to an insufficient sample length L, . In this case, a
particle does not have enough "neighbors" to represents the total beam. In other words, the
sample length can not be considered as large compared to some effective interaction range. The
effective interaction range depends on the linear particle density and the beam geometry. In
addition, it differs for the various interaction phenomena. For instance, the total Boersch effect,
generated in a beam segment with a narrow crossover, stems predominantly from the crossover
area. For the simulation of this effect in this geometry, it is therefore sufficient to take the sample
length Lsam an order of magnitude larger than the crossover radius. However, the trajectory
displacement effect, generated in the same beam geometry, is not necessarily dominated by the
contribution of the crossover area. A significant contribution may stem from the dilute parts of the
beam and a proper simulation requires a larger Ls;ny than for the Boersch effect. The space charge
effect has even a longer effective interaction range and a proper simulation requires a larger
sample than for the statistical effects. The situation is again different for a nearly cylindrical beam
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segment, in which all parts of the beam contribute equally to the various interaction phenomena,
leading to longer effective interaction distances than for a beam segment with a narrow crossover.
Clearly, the particles near the edge of the beam, always experience a deficiency of interacting
neighbors. Ng,m should be large enough to render their contribution insignificant relative to the
contribution of the particles which have sufficient neighbors.

e Improper estimation of the interaction effects due to the unbalanced space charge force acting on
the particles near the edge of the bunch. It may cause an underestimation as well as an
overestimation of the interaction effects. The Boersch effect is, in general, the most strongly
affected by this kind of finite-size effect. The particles at the front of the bunch experience an
artificial acceleration, while the particles in the back are artificially retarded. Accordingly, the
generated axial velocity spread (Boersch effect) is overestimated. However, the unbalanced space
charge force also causes an increase of the sample length during the flight, which leads to an
artificial reduction of the linear particle density and a corresponding reduction of all interaction
effects.

The application of z-dependent velocity correction, on the intermediate coordinates or the final
coordinates, leads to some reduction of finite-size effects and provides insight in their magnitude. In
general, one should choose the number of particles in the sample Ns.m large enough to assure that
these effects are insignificant. An increase of Ng;, by a factor A, leads to an increase of the required
CPU-time by factor A? , assuming that the interaction range of the particles is not limited. .

Conclusions

As far as CPU-time is concerned, one sees that the reduction of finite-size errors and statistical errors
both lead to an quadratic increase with a certain accuracy improvement factor A, whereas the
integration error of the numerical ray-tracing shows a square-root dependency on A. Therefore, when
using numerical ray-tracing, it is a good strategy to choose the nominal number of steps per meter
Nstep large enough to rule out the contribution of integration errors. In order to run the program
economically, one should take Nqsam and Ngeeq Such, that the finite size error and the statistical error are
of the same magnitude.

Clearly, model errors are more difficult to estimate. The major problems occur with the simulation of
the beam in the source area, as can be understood from the preceding analysis. Disregarding model
errors, the accuracy, obtained for the defocusing distance and the FWsy values of the energy and
spatial distribution, is estimated to be better than 10%, for normal operating conditions. The accuracy
of the calculated FWHM values, is in general somewhat worse, which is related to the use of the
polynomial fit procedure and the reliability of the estimation of the central height of the distribution.
The accuracy of the predictions for the edge-width of a shaped spot, depends strongly on the number
of particles constituting the edge. In general, an accurate estimation of the edge-width requires a
substantially larger number of particles Ny than the estimation of the FWs, or FWHM width of a central
distribution.

4.5.2 Recommended settings of program parameters

The MC-data input file and the system input file contain a substantial number of parameters which
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should be specified by the user. With respect to the run-time of the program and the accuracy of the
final results, the following parameters are the most critical: The number of particles per sample Ngam ,
the total number of seeds Nsq, the number of field particles Nfeq (When using DRIFT3), the nominal
number of integration steps per m Ngep, (When using DRIFT1) and the interaction range NINT (when
using interaction range limitation: IRLIM=1). The optimum setting of these parameters depends
strongly on the operating conditions, such as the beam geometry and the current density. Accordingly,
it is difficult to formulate detailed prescriptions for the setting of these parameters which hold
generally. Other parameters, depend less strong on the operating conditions and specific settings are
more easy to recommend. This applies in particular to the parameters pertaining to the data analysis.
Finally, there are also parameters which are mainly included to give the user some freedom of choice in
the operation of the program. No recommended settings are given for these parameters.

We will first give some guidelines for the setting of the parameters for which the best choice depends
critically on the operating conditions. Some remarks on the parameter setting for the correction of
finite size effects will be given next. The chapter concludes with a general table for the recommended
settings of all (non-arbitrary) parameters.

Selecting Nsam and Ngeed

In principle, the criterion for the choice of the number of particles in the sample Ng.my is simple: It
should be large enough to make the finite-size effects negligible and small enough to keep the required
CPU time within reasonable limits. However, the errors caused by finite-size effects are hard to predict
since they depend strongly on the beam geometry and particle density in the beam and also differ for
the various interaction phenomena. The required CPU time is more easy to estimate: It increases with
the square of Ng;n and is directly proportional to the number of seeds Ny . The square dependence of
the CPU time on Ng,m implies that one can usually not afford to choose Ne.,y much larger than strictly
necessary. Furthermore, Ngm is limited by memory space considerations. Its maximum value is
determined by the parameter MSAM (which is specified in the file MONTEC.INC). As finite size effects
are hard to predict beforehand, while CPU-time considerations forbid to exceed the critical sample size
by a large factor, the choice of a proper Ns;n is somewhat a trial and error process.

The total number of particles accumulated in all seeds is equal to Nit = Nsam X Ngeeqg (Where Ngam
represents the average number of particles per sample at the target, which may be smaller than the
number specified at the source due to the presence of apertures in the simulated column). Given a
certain Ngam X Ngeeg Should be chosen large enough to keep the statistical error in the final results
within acceptable limits. Usually, a choice which assures that Nyt > 5.10° leads to acceptable statistics.
However, a larger total number of particles is required to obtain a reliable estimate of the edge width of
a shaped spot. The maximum value of Ny is limited by memory space considerations and is specified
by the parameter M (which is specified in the file MONTEC.INC). In the previous chapter it was
explained that in order to run the MC program economically, one should select Ngamy @and Ngeeq such that
the finite size errors and statistical errors are approximately of the same size.

The MC program evaluates a number of quantities which give some indication of the various error
contributions. These quantities may serve to verify the reliability of a simulation without having to
repeat the simulation with a different parameter setting. The accuracy of the ray-tracing is estimated
by the various drift routines. The routines SYMEBR, ASYEBR and TBR provide measures for the rms
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statistical errors in the predicted broadening effects. Finite size effects can partly be corrected by using
the PROCCO system command or by setting IPROC=1 in the MC data file.

The PROCCO command is particularly useful to estimate and control finite-size effects. The impact of
finite size effects on the Boersch effect can be estimated by instructing the MC program to calculate the
energy spread both with and without processing of the final coordinates (By including the SYMEBR or
ASYEBR command twice in the MC-system file, one time before the PROCCO command and one time
after). It is interesting to study the dependency of the resulting energy spread on the number of
particles in the sample Ngam . For very small Ngam , the energy spread will be underestimated. This can
be understood from the fact that the interaction force between the particles in a thin slice is directed
perpendicular to the beam axis. With increasing Ns;m and in absence of correction of the final
coordinates, the spread increases to a value which is too large, due to the artificial deceleration and
acceleration of the particles near the edges of the bunch. With further increasing Ngn , their
contribution gradually becomes insignificant and the observed energy spread levels off to the correct
value. In presence of correction of the final coordinates, the energy spread is expected to increase
monotonically with the number of particles in the sample Ns.m and reaches the correct value for a
smaller sample-size than without correction. By studying the results both with and without correction,
one obtains a lower and an upper limit for the correct energy spread at a relative small Nga, .

To verify the validity of a MC-simulation with respect to finite size effects, one has to check whether an
increase of Ng;,m affects the outcome of the simulation significantly or not. If so, the sample was too
small and one has to perform the simulation again with a larger sample. This aspect of running MC-
simulations requires a certain experience of the modeller. A clear understanding of the mechanisms
involved is indispensable to obtain reliable results, without consuming large amounts of CPU-time.

Let us consider the sample simulation of sections 4.4.9 and 4.4.10, specified by the DEMO1.DAT and
the DEMO1.SYS files, as an example. In order to make the dependency on the sample size explicit, one
should run the simulation a few times in succession with for instance the following range of values for
Nsam @nd Ngeeq:

Run no: 2 3 4 5 6 7 8
Nsam: 200 500 1,000 2,000 5,000 10,000 20,000
Nseed: 100 40 20 10 4 2 1

Notice that the total number of particles at the source Nyt = Ngam X Nseeq is 20,000 for each run in this
series. Due to the presence of the two apertures, about half of the current is removed during the flight
through the system. Therefore, at the target Ny is in the order of 10,000 particles. The set of runs
specified in the table is included as part of the INTERAC sample sessions (See INTERAC worksheet
'Runs’, Runs 2 to 8). The results obtained for the Boersch effect, the trajectory displacement effect and
space charge defocus for this series of runs are shown in the figures below (Taken over from INTERAC
worksheet PlotRunsl).
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In the left hand side plot, FW50E-BP and FW50-AP represent the FWs, energy spread at the target as
evaluated by the MC program before running the PROCCO routine and after running the PROCCO
routine respectively and FW50E-I&S is the FWsq energy spread calculated with the INTERAC analytical
equations accounting for both the Boersch effect and the energy spread of the source. In the right
hand side plot, the FW50R-BF and FW50R-AF are the FWs, spatial broadening as evaluated by the MC
program before and after refocusing and FW50R-IA is the trajectory displacement effect calculated with
the INTERAC analytical equations. The quantities DZF-MC and DZF-IA in this figure represent the space
charge defocus evaluated with the MC program and the INTERAC analytical equations respectively.

When comparing the FW50E-AP with the FW50E-I&S figures in the left hand side plot, one sees that
these results converge from approximately run number 5 onwards. This suggests that a sample size of
2000 particles at the source is adequate to make the finite size effects for the Boersch effect
sufficiently small, provided that the PROCCO routine is used prior to the evaluation of the final energy
spread. When PROCCO is not used, on requires a sample size that is about 10 times larger to ensure
that finite size effects are negligible for the Boersch effect. Indeed the value obtained before running
PROCCO is always larger that the value obtained after running PROCCO and tends to overestimate the
Boersch effect when finite size effects are significant.

When comparing the FW50R-AF with the FW50R-IA figures and the DZF-MC with the DZF-IA figures in
the left hand side plot, one sees that these results also converge from approximately run number 5
onwards. Thus a sample size of 2000 particles is (also) sufficiently large to assure that finite size
effects are negligible for both the trajectory displacement effect and the space charge effect. Please,
bear in mind that these results are particular to the sample system considered here and will in general
depend on the beam geometry and the particle density.

A practical method to obtain an estimate for the minimum sample size that is required to render finite
size effects insignificant is to compare the sample length to the radial dimensions of the beam. This
method is in fact used by INTERAC when it automatically selects the sample size. In the default setting
NSAM is chosen such that the sample length is at least 5 times the minimum beam radius and at least
2 times the maximum beam radius in all sections of the beam. The default criteria can be changed by
the user if desired (See the section 'Monte Carlo Parameters’ in the worksheet 'System’). This method
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provides adequate results in most cases. However, absolute certainty that finite size effects are
negligible indeed can only be obtained by repeating the MC simulation with an increased sample size,
as outlined above.

Alternative methods for correction of finite size effects

The PROCCO system command provides a method for reducing finite size effects by processing the final
co-ordinates of the particles near the target. Finite-size effects can also be corrected during the ray-
tracing performed by the DRIFT1, DRIFT2 and DRIFT3 system commands, by setting the parameter
IPROC in the MC-data file to 1. The differences between both correction methods can be summarized
as follows:

e PROCCO acts on the final perturbed coordinates of all particles accumulated in all seeds. The
compensation applied by the drift routines when IPROC=1 is performed after each time step for
each seed separately. As far as the dynamical-aspects of the ray-tracing is concerned, the last
method may yield better results in case of strong finite size effects.

e The statistical approach used by PROCCO is more sophisticated than that used by the drift routines
for IPROC=1. PROCCO can avoid overcompensation by accounting for the fact that a part of the z-
dependency in z-velocities is also present in the unperturbed coordinates. Furthermore, PROCCO is
set up to use higher than first order polynomial fit functions. As far as the statistical aspects of the
compensation method are concerned PROCCO is preferred.

From these considerations it follows that PROCCO provides the best approach to compensate moderate
finite size effects. It is therefore recommended to set IPROC=0. However, in case of strong finite size
effects the setting IPROC=1 may improve the accuracy of the final results. The user should be aware
that this approach may lead to overcompensation of finite size effects. The user is referred to the
general table given below for further details on the PROCCO command parameters.

List of recommended settings

The numbers given in the following table should be interpreted as guidelines not as rules. The
parameters which are not included do not directly affect the accuracy of the results, nor the required
CPU-time.

MonTec Particle Optics Simulation Tools - Manuals 72 Version 2.1



1 - MC-Data input file:

Parameter: Recommended
setting:

NSAM > 100

NSEED NSEED > 5.103/NSAM

NFIELD >> NSAM, < 108

NSTEP > 1000

ISTEPA 1

IRLIM 0

IPROC 0

NDE/NDT1/NDT2 20 - 60

NTE1/NTT1/NTT2 4 -6

NEXPE/NEXPT1 O

NEXPT2 0

-1, 1
IFIXE/IFIXT1 0,1,3
IFIXT2 0,1,3

3
PMAXE/PMAXT1/ -2.0 - -3.0
PMAXT2
IMT1/IMT2 1

Remarks:

See previous remarks in this section on finite size effects.
A total number of particles 5.10% provides good enough
statistics for most conditions. A higher number of particles
is usually required to obtain a reliable estimate of the
edge-width of a shaped spot.

The required CPU time for the ray-tracing of DRIFT3 is
directly proportional to NSAM x NFIELD. As far as memory
space is concerned, there are no restrictions on NFIELD.
Provides sufficiently accurate numerical ray-tracing with
DRIFT1 for normal conditions.

Bounded variable time step controlled by the average
higher order terms in the position expansion is appropriate
unless one is specifically interested in the exact final
coordinates of the strongly deflected particles (use then
ISTEPA=3 or 4).

Use no interaction range limitation within the sample
unless a thorough check on the results for different NINT is
done.

Use PROCCO for the correction of finite-size effects.

Number of divisions in histogram should be large enough
to establish a sufficient resolution and small enough to
have a significant number of particles per division.

Number of terms in fit should be large enough to provide
enough degrees of freedom to follow the shape of the
distribution and small enough to smooth the (statistical)
noise.

Use a symmetric function for the fit of energy and
displacement distribution.

In combination with RNDTBR.

In combination with RECTBR.

Largely a matter of taste.

In combination with RNDTBR.

In combination with RECTBR

Maximum value in distribution should be either 2 to 3 '
HWHM or be set such 0.85 - 1.0 that the distribution
contains 85% to 100% of the particles.

Focusing on width-values which are determined from a
least square fit should be avoided since this might lead to
an excessive long run time.
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2 - System input file:

System Parameter: Recommended Remarks:
command: setting:
PROCCO IMETH 1 Removes correlation in axial position and

axial velocity generated by particle
interactions only.

NDV >=2,<=10 The number of particles per division
should be large.
NTVU,NTVP 1 Correct for linear dependency only.
FRACT >=0.7, <=0.9 Exclude particles on the edge of the
sample from the analysis.
TBR / RNDTBR IFOC 0,1,2 The quality of the Focusing depends on

the exact conditions. Focusing RECTBR
IFOC 0,2 on the edge-width (RECTBR with
IFOC=1) is not recommended.

4.5.3 Interpretation of output data

In this chapter it will briefly be discussed how to interpret the data of the general output file (*.0UT
file). For an example of such a file, the reader is referred to Appendix A, which contains a listing of the
file DEMO1.0OUT.

The general output file consists of three sections. The contents will be discussed per section.
1 - Data files and general parameters

The data contained in this section is self-explanatory. It is stored by the subroutine SYSTEM during the
first call by the main program. Verify whether the correct input files have been connected to the
program. The start value of the random number generator is a critical overall parameter and is
therefore included in the listing. Due to the statistical nature of the results, the exact values of a
specific simulation can only be reproduced when using the same start value for the random number
routine.

2 - Specification of system and calculations

This section contains the messages of the source, optical elements and ray-tracing routines which are
specified in the MC-system file. During the last seed, each routine stores the values of the input
parameters. Some routines also give the values of some characteristic parameters which provide
insight in the performance of the routine. The statistical quantities represent averages over all seeds
(not just the last seed).

Verify whether you have entered the correct values for the various parameters. Most of the
characteristic properties produced by the routine are self-explanatory. However, the DRIFT2 and
DRIFT3 routines supply statistics which may need some explanation. When the interaction is on
(MUTUAL INTERACTION 1 or 2) the routines keep track of the different types of two-particle collisions
and the strength of the two-particle interactions. Different equations are employed to evaluate weak
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interactions (using first order perturbation dynamics), complete interactions (using nearly complete
collision dynamics) and strong incomplete collisions (using full collision dynamics). The routines specify
the average number of times each type of calculation is performed per particle per seed (the average is
evaluated over all seeds). The reduction to two-particle interactions requires that most interactions are
weak. Accordingly, the majority of calculations should be performed by means of first order
perturbation dynamics.

To provide another measure for the validity of the reduction to two-particle interactions, the DRIFT2
and DRIFT3 routines keep track of the number of strong collisions (measured in terms of the size of the
resulting deviation) per particle experienced during the flight through the drift section. The relative
deviation in position and velocity is evaluated for each collision. The program counts the number of
collisions which lead to a larger deviation than 0.05, 0.1, 0.15 and 0.5 respectively. Especially the last
number should be small compared to unity.

Another indication for the strength of the interactions is given by the average, minimum and maximum
value of the eccentricity parameter q=b/b, (in the listing denoted as B/B(90)), where b is the impact
parameter and b, the value of the impact parameter which corresponds to a 90 degrees deflection. The
validity to two-particle interactions requires that strong deflections are rare, which means that the
average value of b/b, should be very large compared to unity.

3 - Results of Monte Carlo calculation

This section contains the messages of all routines that perform the analysis of the final coordinates.
These routines are activated after the last seed has been performed. The messages appear in the
output list in the same order as the system commands are specified in the MC-system file. Again most
data is self-explanatory.

The formation of the energy and spatial histograms and corresponding fits is performed by the program
conform the specifications of the user given in the MC data file (parameters NDE, NTE, ... , PMAXT2).
Verify (also by investigating the plot-data contained in the *.EDI and *.SDI files) whether the
histogram-range, the division width and the quality of the fit are appropriate to obtain reliable FWHM
(routines SYMEBR, ASYEBR, TBR and RNDTBR), d»s75 and di»,gs (routine RECTBR) width measures. For
the spatial distributions, the FWHM, d,s75 and di,gs width measures are evaluated both in x-direction
(projection of particle positions to the x-axis) and in y-direction (projection of particle positions to the
y-axis). In case of a round or square beam, these numbers should approximately be the same. The
deviations between the numbers obtained in x-and y-direction provide some insight in the reliability of
the statistics and the fit procedure. The routines TBR and RNDTBR focus on the distribution along the
radial coordinate R. It should be noticed that the corresponding FWHM (FWHMg ) is in general not
identical to the FWHM in x- and y-direction (this is only the case when the distribution is Gaussian).

The routine RECTBR uses an iterative procedure to obtain the best edge-fit. The procedure is carried
out separately for the plots in x- and y-direction. It selects a fit-range (with boundaries XW0 and XW1
for the plot in x-direction and boundaries YWO to YW1 for the plot in y- direction) and an appropriate
shifted coordinate system which is centered such that the edge-contour can be described by an odd-
function with respect to the origin. The corresponding positional shifts are SHIFTX and SHIFTY in x- and
y-direction respectively. The corresponding shifts of the intensity coordinate (distribution height) are
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DSHIFTX and DSHIFTY in x- and y-direction respectively.

All

routines evaluate a number of different width-measures and leaves the choice of the best

characteristic property to the user. As far as accuracy is concerned, one should realize that:

The distribution width-measures which are evaluated without using a fit-function (rms-values,
FWio, FW3q , FWso, FW5o , FWgyo) are in general more reliable than those which do rely on the use of
a fit-function.

The tails of the displacement distributions (corresponding large displacements) are the most
susceptible to errors. Firstly, since the large displacements are primarily caused by pairs of particles
which are initially very close to each other. The generation of such pairs may not correspond to
reality. Secondly, large displacements are the most susceptible to ray-tracing errors, which is true
both for DRIFT1 (integration error) as for DRIFT2/DRIFT3 (reduction to pair interactions breaks
down when a particle experiences two or more strong interactions in the same drift section).
Thirdly, as the number of particles in the tails is small, an enormous total number of particles is
required to obtain reliable statistics. From these arguments one should conclude that those width
measures which depend strongly on the tails of the distribution (such as the rms and FWy, values)
should be viewed with some caution.

Width measures which are determined by just a few particles (such as the FWyo width) are strongly
affected by statistical errors.

From the preceding arguments it follows that the FWsy (full width median) is in general the most
reliable width measure. However, from the experimental point of view one is often more interested in a
FWHM or a d;,gg value. The best approach is to keep track of these quantities as well as the FWsy-value.

When performing a series of simulations, the user is advised to compare the following output

quantities:
Routine Operating Characteristic Remarks:
condition: output:
SYMEBR/ before PROCCO FWso , FWHM Energy width without correction of
ASYEBR finite size effects. after PROCCO idem
Energy width with correction of finite
size effects.
TBR and IFOC=0 FWsor , FWHMg, Spatial broadening in Gaussian image
RNDTBR (FWHMy +FWHMy plane.
)/2
IFOC=1,2 idem + defocusing Spatial broadening in plane of best
Az focus and defocusing distance.
(IFOC=1 recommended).
RECTBR IFOC=0 d,s7s—average, Edge-width in Gaussian image plane
di.gg-average
IFOC=1,2 idem + defocusing Edge-width in plane of best focus and

Az

defocusing distance. (IFOC=2
recommended).
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Trends can best be estimated from the FWs, of the energy and spatial distributions, the d,s;5 edge-
width and the defocusing distance Az. The FWHM and d;,ss values are usually most suited for

comparison with experiment.

4.5.4 Source code parameters in file MONTEC.INC

This section is only relevant when you have access to the FORTRAN source code of the MC program.
The FORTRAN source code of the MC program is not included with the standard MonTec package. In
case you are interested to purchase the MC source code, please contact Caneval BV (See contact
information on page 2).

The file MONTEC.INC is included (by means of the non-standard FORTRAN INCLUDE statement) in all
subroutines except in RANDOM and SORT. It contains a number of global source code parameters,
defining array-sizes, input/output (I0) units and some other IO properties. The comment incorporated
in MONTEC.INC specifies the detailed functioning of the various parameters.

Specification of array sizes

For the executable module of the MC program delivered with this package the total number of particles
(MTOT) was set to 750,000, the maximum number of divisions in the distribution-histograms (MDIS)
was set to 5000, the maximum number of terms in the polynomial fit-functions (MPOL) was set to 10
and the maximum number of apertures (MAPERT) and drift sections (MDRIFT) were set to 20 and 100
respectively.

When recompiling the program these sizes can be adjusted by editing the file MONTEC.INC. When
changing MTOT and MSAM the following considerations should be kept in mind:

e Some compilers require the size of a labeled common block to be smaller than 64 Kbytes. The
sample particle coordinates are stored in the common blocks C1P (positions) and C1V (velocities),
see for instance the source code in the file ACCUM.FOR. Each array-element represents a double
precision (8 byte) real. The size of these common blocks is therefore equal to 3 x 8 x MSAM. The
accumulated particle coordinates are stored in the common blocks C5P (perturbed positions), C5V
(perturbed velocities), C6P (unperturbed positions), C6V (unperturbed velocities). The size of these
common blocks is equal to 3 x 8 x MTOT. Accordingly, a 64K limit implies that MSAM and MTOT
should be smaller than 2666.

e Each seed is performed twice. One time with the interaction switched off (generating the
unperturbed coordinates) and one time with the interaction switched on or off according to the user
specifications (generating the perturbed coordinates). When apertures are included a part of the
perturbed coordinates may possibly be removed from the sample during the ray-tracing through
the column. However, this information is not available until the calculation of the perturbed
trajectories has been completed. Meanwhile the program has to store the unperturbed coordinates
of all particles in the sample. The ACCUM routine stores these coordinates into the arrays PXFO,
PYFO, PZFO (final unperturbed positions), VXF0O, VYFO and VZFO (final unperturbed velocities). Any
excess data is stored into the dummy arrays TEMP1 and TEMP2 of size MTOT. The program can
buffer up to MTOT/3 unperturbed particles above the normal MTOT elements stored in the regular
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arrays (PXFO, PYFO, ... , VZFO0). Accordingly, the program may run out of buffer space (during the
last seed) when the fraction F of transmitted particles is smaller than 1-MTOT/3*MSAM. When
MTOT>3*MSAM this condition will never occur, but it may occur for smaller values of MTOT. In that
case the routine ACCUM will generate an error message.

The following (probably evident) considerations should be kept in mind when changing MDIS, MPOL,
MAPERT and MDRIFT:

e The number of divisions in the distribution histogram arrays is set by the parameters NDE (energy
distribution) NDT1 and NDT2 (spatial distributions), which are specified in the MC data file. The
parameter MDIS should be chosen equal to or larger than the maximum number of divisions
required by the user.

e The number of terms in the polynomial fit function is set by the parameters NTE (energy
distribution), NT1 and NT2 (spatial distributions), which are specified in the MC data file. The
parameter MPOL should be chosen equal to or larger than the maximum number of terms required
by the user.

e The maximum number of apertures and drift sections specified in the MC-system file may not
exceed MAPERT and MDRIFT respectively.

Specification of Input/Output units and format

The MC program uses seven Input/Output units for the data transfer to and from files. In addition, two
units are reserved for the output to the screen and the input from the keyboard respectively. The unit
references in the read/write statements of the source code are given in terms of the parameters IUNIT1
to IUNIT9. These parameters are set in the file MONTEC.INC.

The parameter IOMODE can be used to select different I0 modes. When IOMODE=0 all output to the
screen and the interactive file specification is suppressed. It is assumed that the files are connected to
the program units in an external fashion. This mode may be used when running the program on the
background on a mainframe type of computer. The setting IOMODE=1 leads to an interactive file
specification, but suppresses all PC specific code to address the screen (in particular the so-called DOS
escape sequences) as well as any non-standard FORTRAN 77 functions to evaluate the time and date
functions. For IOMODE=2, the MC program will call certain (non-standard FORTRAN 77) functions to
evaluate the time and date at the start and the finish of the program and calculate the total run-time.
For IOMODE=3, the MC program utilizes certain DOS-escape sequences to clear the screen and format
the output to the screen. This setting is obsolete when running the program under WIN2000 or XP. The
MC program delivered as part of the MonTec package has been compiled with IOMODE=2.

The default format used for the positions (*.POS) and coordinates (*.COR) files are set by the
parameters IFORMP and IFORMC respectively. The value 0 corresponds to unformatted I0 and the
value 1 to formatted I0. Unformatted IO leads to a substantial reduction in file size, but prohibits file
editing with a normal ASCII text editor. When using interactive file specification, the default values can
be overruled during the file allocation. The MC program delivered as part of the MonTec package has
been compiled with IFORMP = IFORMC=1 and therefore creates formatted positions and co-ordinates
files, unless this parameter is overruled during the dynamic file allocation.
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Some computer system distinguish between lower and upper case letters. With the parameter ICAPT
one can select whether the filenames should be converted to lower case letters (ICAPT=1) or upper
case letters (ICAPT=2) or should be left as they are entered (ICAPT=0).The MC program delivered as
part of the MonTec package has been compiled with ICAPT=2.

The twelve character long string VERSN is printed in the MC status screen and can be used to indicate
the program version.

4.5.5 Non-standard FORTRAN and PC specific source code

The MC program contains a limited number of statements which deviate from the FORTRAN 77
standard. Although most compilers will support the types of non-standard FORTRAN statements used,
the exact implementation may vary per compiler. When recompiling the program with another compiler
than the Microsoft FORTRAN PowerStation (version 4.0), the user should take care of these compiler
dependent statements by proper modification.

PC specific source code is used to perform screen operations as "clear screen" and "position cursor"
when the IOMODE parameter in the MONTEC.INC file is set to 3. These functions are executed through
so-called DOS escape sequences which are written to IUNIT6 (console). For other than PC compatible
systems these characters are meaningless and will be displayed on the screen (The same thing happens
with DOS when the ANSI.SYS file is not installed properly or when the wrong ANSI.SYS version is
used). For PCs running under Windows WIN2000 and XP the use of DOS escape sequences is
considered to be obsolete. The MC program delivered as part of the MonTec package has been
compiled with IOMODE=2 and does not issue DOS escape sequences.

MC source code
The MC program uses the following non-standard FORTRAN 77 statements:

e The INCLUDE statement is used in the MAIN program and all subroutines except in RANDOM and
SORT.

e The functions GETTIM and GETDAT are used in the subroutine PCSCR to obtain the current time
and date when the MONTEC.INC parameter IOMODE = 2 or 3. The start time is displayed on the
screen. In order to provide information on the runtime of the program, the time and date at the
start and the end of the program are both printed at the end of the general output file (*.0UT).

e Backslash editing is used for the output to the screen in the subroutine PCSCR. The backslash ("\")
in the output format suppresses the separation of the current record and the next record (in other
words, it suppresses a line feed).

All PC specific source code can be suppressed by setting the parameter IOMODE, contained in the file
MONTEC.INC, to 0 or 1.
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5 References and background information

Further background information on the theoretical basis of the analytical models used for estimating
the effect of Coulomb interactions and the Monte Carlo simulation technique can be obtained in the

following publications:

e R-1. G.H. Jansen, Coulomb interactions in Particle Beams (Advances in Electronics and Electron

Physics, Suppl. 21,Academic Press, Boston, 1990)

e R-2. G.H. Jansen, Journal of Applied Physics, Vol.84, No 8, p. 4549 (1998)

¢ R-3. G.H. Jansen (1987). "Fast Monte Carlo Simulation of Charged Particle Beams", J. Vac. Sci.
Technol. B, 5 (1987)

e R-4. P.Kruit and G.H. Jansen, Space Charge and Statistical Coulomb Effects (Handbook of Particle
Optics Handbook, Ed. Jon Orloff, CRC Press, New York 1997)

Reference R-1 provides a full description of the alternative approaches to calculate the impact of
Coulomb interactions in particle optical systems. The analytical equations derived in this publication on
the basis of the so-called Extended Two Particle approach are used by INTERAC to calculate the
Boersch effect, the trajectory displacement as well as the space charge effect. A more condensed
version of the theory for Coulomb interactions is presented in reference R-4. Reference R-3 introduces
the specifics of the so-called Fast Monte Carlo Simulation technique which is based on a decomposition

of the full N-particle ray-tracing algorithm on to two-particle interactions, which is also covered by R-1.

Reference R-2 describes some modification to the extended two-particle model to improve the accuracy
of the predictions of the trajectory displacement effect in particle beam projection systems. The theory
outlined in reference R-1 was developed for probe forming systems, such as electron and ion scanning
microscopes and Gaussian or shaped beam lithography systems. Fit-functions are used within the
theory to express part of the numerical output into explicit analytical prescriptions. These functions
were found to become inaccurate for the relatively wide beams typically used in the more recently
developed projection type lithography systems. New fit-functions are presented in reference R-2 which
extend the applicability of the theory to the wide beams and doublet configurations used in projection
systems. Reference R-2 also describes some modifications to the Monte Carlo program to account for
the first order space charge magnification effect. This effect could be ignored for the relatively small
spots of Gaussian and shaped beam systems, but would yield a significant overestimation of the
trajectory displacement effect - assumed to be identical to the remaining blur after refocusing - for the

wide images used in projection type of systems.
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Appendix A. MC DEMO1.0UT output file listing

ok kok ok k ok ok kkk kK kKA R A Ak kkkkkkkkokkkokkkkkkkkkkk kKX kkkkkkkkkokokkokk

* *
* *
* MONTE CARLO SIMULATION OF PARTICLE BEAM SYSTEMS *
* *
* (C) G.H.JANSEN, 1989-2003 *
* *
* *

hok ok ok ok ok ok ok kkk kKKK AR KA Ak hkkhhkkkkkkkhkkkkkkk kA KRR KKk kkkkkkkk Kk kk

Hokxx DATA FILES AND GENERAL PARAMETERS HRxK
DATA INPUT FILE ittt ittt ittt e i aaaann DEMO1.DAT
SYSTEM INPUT FILE ...ttt ittt ittt tenenenenenannnn DEMO1.SYS
PARTICLE COORDINATES INPUT/OUTPUT FILE ......ovvveeennnn DEMO1.COR
NUMBER OF SEEDS ...ttt ittt ittt it iieeinen e 6
TYPE OF RANDUM NUMBER GENERATOR ....................... 2
START VALUE FOR RANDOM NUMBER GENERATOR ............... 123

Hokxx SPECIFICATION OF SYSTEM AND CALCULATIONS HRxK

ROUND SOURCE (2) LOCATED AT Z (IN M) ....iiiniinnnnnnnnn 0.00000D+00
SOURCE (HWHM) RADIUS (IN M) ..uuiiiiiiniinennnnnnnn 8.00000D-05
SPATIAL DISTRIBUTION (1=UNIFORM, 2=GAUSSIAN) ...... 2
BEAM SEMI-ANGLE (IN RAD) ... itiitinnnnennnnnnnnnnnn 5.00000D-03
ANGULAR DISTRIBUTION (1=UNIFORM, 2=GAUSSIAN) ...... 1
FULL WIDTH ENERGY SPREAD (IN EV) ......iiiniiinnenn.. 1.00000D+00
ENERGY DISTR. (1=UNIFORM, 2=GAUSSIAN, 3=LORENTZIAN) 2
PARTICLE MASS (IN KG) +tittiniieeinnnennnnnnnnnnns 9.10956D-31
PARTICLE CHARGE (IN C) .. itiiiiieiieiieinennnennnn 1.60219D-19
NUMBER OF PARTICLES IN THE SAMPLE ................. 1700
NOMINAL SAMPLE LENGTH (IN M) ............iuinunnn.. 5.10843D-03

ACTUAL SAMPLE LENGTH [AVERAGE FOR ALL SEEDS] (IN M) 5.10430D-03

BEAM VOLTAGE (IN V) o ttitiin it iieeinninenaannnnnnn 1.00000D+05

TOTAL BEAM CURRENT (IN A) ...tiitiernnennnnnnnnnnnn 1.00000D-05
DRIFT2: ANALYTICAL CALCULATION OF TRAJECTORIES

DRIFT SECTION NUMBER ... ...ttt 1
START DRIFT LENGTH AT Z0 (IN M) ...iiuninninnnnnn.. 0.00000D+00
END DRIFT LENGTH AT Z1 (IN M) ...t unininienennnennn. 1.60000D-01
BEAM POTENTIAL (IN V) .ttt tieiieineiennnnannnnn 1.00000D+05
TIME OF FLIGHT FROM Z0 TO Z1 (IN S) .......iveen... 8.53093D-10
MUTUAL INTERACTION (1,2=0N, O0=OFF) .......iieuuenn. 0
THIN LENS(2) AT Z (IN M) &ttt iieiieiineineinneennnnn 1.60000D-01
FOCAL LENGTH (IN M) & ttittiniieetnnenannenennennns 1.60000D-01
SPHERICAL ABERRATION COEFFICIENT (IN M) ........... 1.60000D-01
CHROMATIC ABERRATION COEFFICIENT (IN M) ........... 8.00000D-02
ROTATIONAL DISTORSION COEFFICIENT (IN RAD) ........ 0.00000D+00
ROTATIONAL CHROMATIC ABERRATION COEFF. (IN RAD) ... 0.00000D+00
RECTANGULAR APERTURE 1 AT Z2 (INM) .oniinnninnnnnnnn 1.60000D-01
HALF WIDTH IN X-DIRECTION (IN M) .......iiuunnnnnnn 6.60000D-04
HALF WIDTH IN Y-DIRECTION (IN M) .......iiuuineennnnn 6.60000D-04
AVERAGE NUMBER OF PARTICLES INCIDENT PER SEED ..... 1700
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AVERAGE NUMBER OF PARTICLES THROUGH PER SEED ...... 1383
TOTAL BEAM CURRENT THROUGH (IN A) .........uiveunnnn 8.13529D-06
DRIFT2: ANALYTICAL CALCULATION OF TRAJECTORIES

DRIFT SECTION NUMBER ...... ...t iiiiiiiininnnnnnn 2
START DRIFT LENGTH AT Z0 (IN M) ...iiuninniinnnnnn.. 1.60000D-01
END DRIFT LENGTH AT Z1 (IN M) ...t ininininennnnnnn. 3.20000D-01
BEAM POTENTIAL (IN V) ittt tieiieiieennnnennnnn 1.00000D+05
TIME OF FLIGHT FROM Z0 TO Z1 (IN S) .......iveen... 8.53093D-10
MUTUAL INTERACTION (1,2=0N, O0=OFF) ...........o..... 0
RECTANGULAR APERTURE 2 AT Z (IN M) vuiiniiinnnnnnnn 3.20000D-01
HALF WIDTH IN X-DIRECTION (IN M) ......c.cuivniunennn. 5.00000D-04
HALF WIDTH IN Y-DIRECTION (IN M) .......ivuunennnnn 5.00000D-04
AVERAGE NUMBER OF PARTICLES INCIDENT PER SEED ..... 1383
AVERAGE NUMBER OF PARTICLES THROUGH PER SEED ...... 850
TOTAL BEAM CURRENT THROUGH (IN A) ................. 5.00000D-06

DRIFT2: ANALYTICAL CALCULATION OF TRAJECTORIES

DRIFT SECTION NUMBER .. ... ttiininininininnnnnnnnn 3
START DRIFT LENGTH AT Z0 (IN M) ......iiiniiinnnnn.. 3.20000D-01
END DRIFT LENGTH AT Z1 (IN M) ....iinniinnnnnnnnnnnn 4.80000D-01
BEAM POTENTIAL (IN V) ..ttt iinieennanennnnn 1.00000D+05
TIME OF FLIGHT FROM Z0 TO Z1 (IN S) ...uuinieeennnnn. 8.53093D-10
MUTUAL INTERACTION (1,2=0N, O0=0FF) ...........0cuo... 1
PROCESSING OF END-EFFECTS OF SAMPLE (1=YES,0=NO) .. 0
INTERACTION RANGE LIMITATION (1=YES,0=NO) ......... 0

AVERAGE NUMBER OF CALCULATIONS USING FIRST ORDER

PERTURBATION THEORY PER PARTICLE ................ 8.32636D+02
AVERAGE NUMBER OF CALCULATIONS USING COMPLETE

COLLISION DYNAMICS PER PARTICLE ................ 0.00000D+00
AVERAGE NUMBER OF CALCULATIONS USING FULL

COLLISION DYNAMICS PER PARTICLE ................ 1.83638D+01
AVERAGE NUMBER OF STRONG COLISSIONS PER PARTICLE

WITH RELATIVE DEVIATION > .01000 ................ .16432D-01

WITH RELATIVE DEVIATION > .05000 ................ .46948D-02

WITH RELATIVE DEVIATION > .15000 ................ .23474D-02

WITH RELATIVE DEVIATION > .50000 ................ .00000D+00
AVERAGE VALUE OF ECCENTRICITY PARAMETER B/B(90) ... .76213D+04
MINIMUM VALUE OF ECCENTRICITY PARAMETER B/B(90) ... .66466D-01
MAXIMUM VALUE OF ECCENTRICITY PARAMETER B/B(90) ... .79038D+06

THIN LENS(2) AT Z (IN M) &ttt ittt it iieinneennnnn 4.80000D-01
FOCAL LENGTH (IN M) ..ntttiiiieee e iiinnnnnnnennn 1.60000D-01
SPHERICAL ABERRATION COEFFICIENT (IN M) ........... 1.60000D-01
CHROMATIC ABERRATION COEFFICIENT (IN M) ........... 8.00000D-02
ROTATIONAL DISTORSION COEFFICIENT (IN RAD) ........ 0.00000D+00
ROTATIONAL CHROMATIC ABERRATION COEFF. (IN RAD) ... 0.00000D+00
DRIFT2: ANALYTICAL CALCULATION OF TRAJECTORIES

DRIFT SECTION NUMBER ......utiitietnnennennnnnnnnnns 4
START DRIFT LENGTH AT Z0 (IN M) ....iviinnninnnnnnnn 4.80000D-01
END DRIFT LENGTH AT Z1 (IN M) ....iinniinnnnnnnnnnnn 6.80000D-01
BEAM POTENTIAL (IN V) ..ttt tiintnnrnennnnnnnnnn 1.00000D+05
TIME OF FLIGHT FROM Z0 TO Z1 (IN S) ....uivinneennnnn 1.06637D-09
MUTUAL INTERACTION (1,2=0ON, O0=OFF) ..........0.00.0... 1
PROCESSING OF END-EFFECTS OF SAMPLE (1=YES,0=NO) .. 0
INTERACTION RANGE LIMITATION (1=YES,0=NO) ......... 0
AVERAGE NUMBER OF CALCULATIONS USING FIRST ORDER

PERTURBATION THEORY PER PARTICLE ................ 8.49441D+02
AVERAGE NUMBER OF CALCULATIONS USING COMPLETE

COLLISION DYNAMICS PER PARTICLE ................ 2.34742D-03
AVERAGE NUMBER OF CALCULATIONS USING FULL

COLLISION DYNAMICS PER PARTICLE ................ 1.55634D+00
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AVERAGE NUMBER OF STRONG COLISSIONS PER PARTICLE

WITH RELATIVE DEVIATION > .01000 ....ivieiennnnnn. .30516D-01
WITH RELATIVE DEVIATION > .05000 ................ .11737D-01
WITH RELATIVE DEVIATION > .15000 ................ .46948D-02
WITH RELATIVE DEVIATION > .50000 ................ .00000D+00
AVERAGE VALUE OF ECCENTRICITY PARAMETER B/B(90) ... 1.46532D+06
MINIMUM VALUE OF ECCENTRICITY PARAMETER B/B(90) ... 8.73906D-02
MAXIMUM VALUE OF ECCENTRICITY PARAMETER B/B(90) ... 2.25909D+07
THIN LENS(2) AT Z (IN M) ittt ittt ettt et e e eeeeeeaeenn 6.80000D-01
FOCAL LENGTH (IN M) &t tvti ittt et tneeeeennnenenanes 4.00000D-02
SPHERICAL ABERRATION COEFFICIENT (IN M) ........... 4.00000D-02
CHROMATIC ABERRATION COEFFICIENT (IN M) ........... 2.00000D-02
ROTATIONAL DISTORSION COEFFICIENT (IN RAD) ........ 0.00000D+00
ROTATIONAL CHROMATIC ABERRATION COEFF. (IN RAD) ... 0.00000D+00
DRIFT2: ANALYTICAL CALCULATION OF TRAJECTORIES
DRIFT SECTION NUMBER ..t tiitinetintnneenneenneenns 5
START DRIFT LENGTH AT Z0 (IN M) tivienennnennnennn 6.80000D-01
END DRIFT LENGTH AT Z1 (IN M) ..ttt iieeaeenennn 7.20000D-01
BEAM POTENTIAL (IN V) ittt ittt it ettt e e eeeeaeenn 1.00000D+05
TIME OF FLIGHT FROM Z0 TO Z1 (IN S) ..vuiniinenennn. 2.13273D-10
MUTUAL INTERACTION (1,2=0N, O0=0FF) .+..ueurueurunennn 1
PROCESSING OF END-EFFECTS OF SAMPLE (1=YES, 0=NO) 0
INTERACTION RANGE LIMITATION (1=YES,0=NO) ......... 0
AVERAGE NUMBER OF CALCULATIONS USING FIRST ORDER
PERTURBATION THEORY PER PARTICLE ........c.oovoue.. 8.49279D+02
AVERAGE NUMBER OF CALCULATIONS USING COMPLETE
COLLISION DYNAMICS PER PARTICLE .....iiuiuinnnnnnn 0.00000D+00
AVERAGE NUMBER OF CALCULATIONS USING FULL
COLLISION DYNAMICS PER PARTICLE .......uiuiuiuunnn. 1.72066D+00
AVERAGE NUMBER OF STRONG COLISSIONS PER PARTICLE
WITH RELATIVE DEVIATION > .01000 ......civuenenn.. .46948D-02
WITH RELATIVE DEVIATION > .05000 ...ivieiennnnnns .00000D+00
WITH RELATIVE DEVIATION > .15000 ................ .00000D+00
WITH RELATIVE DEVIATION > .50000 ................ .00000D+00
AVERAGE VALUE OF ECCENTRICITY PARAMETER B/B(90) ... 1.34752D+06
MINIMUM VALUE OF ECCENTRICITY PARAMETER B/B(90) ... 1.22163D+00
MAXIMUM VALUE OF ECCENTRICITY PARAMETER B/B(90) ... 2.86320D+07
STOREC: STORES THE COORDINATES OF PARTICLES TO FILE (FORMAT=1)
A KK RESULTS OF MONTE CARLO CALCULATION KA xK
A KK FROM SUBROUTINE TBR (T1) KA KK
RADIAL INTERACTION-DISPLACEMENT DISTRIBUTION
TOTAL NUMBER OF PARTICLES ..ttt ennnnnnns 5101
NUMBER OF DIVISIONS IN HISTOGRAM . ....uueeeeeeeennn 50
DIVISION-WIDTH (IN M) ittt ittt iiiieennenneenns 1.77732D-09
EFFECTIVE SPATIAL BROADENING IN PLANE OF BEST FOCUS :
Z-COORDINATE OF REFERENCE PLANE (IN M) ............ 7.20000D-01
AXIAL DEFOCUS RELATIVE TO REFERENCE PLANE (IN M) 0.00000D+00
SUB-ENSEMBLE SIZE FOR ESTIMATE OF STATISTICAL ERROR 71
NUMBER OF SUB-ENSEMBLES .. ...t itiutininneennnnnnnn 71
RELATIVE STATISTICAL ERROR IN RMS R (3*RMS-VALUE) 6.99750D-02
RELATIVE STATISTICAL ERROR IN 50%-FWR (3*RMS-VALUE) 3.87982D-02
AVERAGE X (IN M) ittt ittt ittt ettt ittt eeaeenenn 3.28662D-08
AVERAGE Y (IN M) ittt ittt ittt e et et e et et eeeeaee 3.31473D-08
RMS X (IN M) ittt ittt ettt ittt i e e 2.50085D-08
MonTec Particle Optics Simulation Tools - Manuals 83 Version 2.1



RMS ¥ (IN M) ttittie ittt eeeeneeannenennansnnnnn 2.41748D-08
RMS R (IN M) tttittit ittt it eteeine e e 3.47829D-08
10%=FW R (IN M) ottt ittt it it iieiaaenn 4.25998D-08
30%=FW R (IN M) &ttt ittt iieiieeiieeieenneennnn 7.67243D-08
S50%=FW R (IN M) &ttt ittt iieiieeineennenneennnn 1.02039D-07
TOZ=FW R (IN M) ttvitiiee e iiinnennsennnnnnnneennn 1.25662D-07
90%-FW R (IN M) tuiiittiiiiiiteeiiiinnnaeeeennnnnn 1.58259D-07
FWHM X (IN M) ottt it ittt ittt ieeieine s 1.11912D-07
FWHM Y (IN M) ottt ittt ittt iieieeinennnn 1.13402D-07
(FWHMX + FWHMY) /2 (IN M) ttiit it ieeeeeeeeeeeeennnn 1.12657D-07
FWHM R O(IN M) ittt it ittt iieiteeaneaenannennns 1.45348D-07

LEAST SQUARE FIT OF SPATIAL DISTRIBUTION IN PLANE OF FOCUS
WITH A POLYNOMIAL FUNCTION OF 6 TERMS

DIST(DR) = 5.17444D+08 * ( 1.00000D+00 +
2.86979D+00 * (2*DR/FWHMR) ** 2 +
-1.43804D+01 * (2*DR/FWHMR) ** 4 +
2.38176D+01 * (2*DR/FWHMR) ** 6 +
-1.74368D+01 * (2*DR/FWHMR)** 8 +
4.63002D+00 * (2*DR/FWHMR) **10 +

HHEHK FROM SUBROUTINE RECTBR (T2) xR
RECTANGULAR SPATIAL DISTRIBUTION

TOTAL NUMBER OF PARTICLES ..........ictiiiiiiinnannn. 5101

NUMBER OF DIVISIONS IN TOTAL HISTOGRAM ............ 100

NUMBER OF DIVISIONS IN HISTOGRAM OF THE EDGE....... 2

DIVISION-WIDTH (IN M) ..ttt tineiieineenennnnennnn 1.28173D-06

AVERAGE AMPLITUDES, SHIFTS AND INTERVALS USED FOR L-S FITS
AOX = 5.22784D+01 XWOo = 1.24327D-04 XW1l =
DSHIFTX= 2.61392D+01 SHIFTX = 1.27624D-06
AOQY = 5.20510D+01 YWO = 1.25609D-04 YWl =
DSHIFTY= 2.60255D+01 SHIFTY = 8.31188D-08

EFFECTIVE SPATIAL BROADENING IN PLANE OF BEST FOCUS

1.26880D-04

1.25775D-04

Z-COORDINATE OF REFERENCE PLANE (IN M) ........... 7.20000D-01
AXIAL DEFOCUS RELATIVE TO REFERENCE PLANE (IN M) . 0.00000D+00
AVERAGE X (IN M) ittt ittt ittt ieinieininenennns -1.41653D-06
AVERAGE Y (IN M) &t tiitiie it iieeiienananeannans 2.58354D-07
HWHM X (IN M) titie ittt ettt i i et eaeennn 1.24847D-04
HWHM Y (IN M) ttitie ittt ittt iie e iieiaennnn 1.26054D-04
D2575 X (IN M) ittt ittt it ittt iie i 3.57938D-07
D2575 Y (IN M) vt ttitiine e iiiineeensennnnnneneenn 2.38421D-07
D2575 AVERAGE (IN M) .iiiiiiiiiiiieeeiiiinnnaeennn 2.98180D-07
D1288 X (IN M) vttt ittt i iieiae s 5.70057D-07
D1288 Y (IN M) vttt it ittt iieiieeineennennn 3.83964D-07
D1288 AVERAGE (IN M) ittt it iieiiieineeineennennn 4.77011D-07

WARNING: ACCURACY OF EDGE-WIDTH IS LIMITED BY
THE DIVISION WIDTH OF THE HISTOGRAM
LEAST SQUARE FIT OF SPATIAL DISTRIBUTION IN PLANE OF FOCUS
WITH A POLYNOMIAL FUNCTION OF 6 TERMS
DIST (X)=-1.5309D+01*( 1.0000D+00 +

1.7469D-01* (2* (X-1.2560D-04) /D2575X) ** (
-1.5236D-01* (2* (X-1.2560D-04) /D2575X) ** (
-8.8871D-03* (2* (X-1.2560D-04) /D2575X) ** (
-1.1343D-04* (2* (X-1.2560D-04) /D2575X) ** (
-8.9437D-05* (2* (X-1.2560D-04) /D2575X) ** (

DIST(Y)= 5.1102D+01*( 1.0000D+00 +

-5.3050D-02* (2* (Y-1.2569D-04) /D2575Y) ** (
-3.7516D-02* (2* (Y-1.2569D-04) /D2575Y) ** (

4.9905D-04* (2* (Y-1.2569D-04) /D2575Y) ** (

1/
2/
3/
4/
5/

1/
2/
3/
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1.7295D-06* (2* (Y-1.2569D-04) /D2575Y) ** ( 4/ 1)
7.7959D-06* (2* (Y-1.2569D-04) /D2575Y) ** ( 5/ 1)

KR xK FROM SUBROUTINE TBR (T1) KAk K

RADIAL INTERACTION-DISPLACEMENT DISTRIBUTION
TOTAL NUMBER OF PARTICLES ..........iiuiiiiniinenennn.
NUMBER OF DIVISIONS IN HISTOGRAM ..................
DIVISION-WIDTH (IN M) ..ttt tietiieiieiinennennnnn 7.

EFFECTIVE SPATIAL BROADENING IN PLANE OF BEST FOCUS :
Z-COORDINATE OF REFERENCE PLANE (IN M) ............ 7.
AXIAL DEFOCUS RELATIVE TO REFERENCE PLANE (IN M) .. 1.
FOCUS CRITERION USED (1=FW50, 2=FW90, 3=FWHM)......
SUB-ENSEMBLE SIZE FOR ESTIMATE OF STATISTICAL ERROR
NUMBER OF SUB-ENSEMBLES ...........ctiuiniiennnnn.n.

RELATIVE STATISTICAL ERROR IN RMS R (3*RMS-VALUE) . 1.
RELATIVE STATISTICAL ERROR IN 50%-FWR (3*RMS-VALUE) 9.
AVERAGE X (IN M) ittt ittt ittt iaeneennnenns 2.
AVERAGE Y (IN M) &ttt ittt it iieeiaeneenneennn 2.
RMS X (IN M) ittt ittt ittt ettt ee e ieeaaenn 1.
RMS Y (IN M) tttitie it ieeeeeeteennenenaanennnnn 1.
RMS R (IN M) tttitiit ittt it eteeineeneenanannann 2.
10%=FW R (IN M) ottt ittt it iieeiaennann 1.
30%=FW R (IN M) &ttt iieiieeineeinennennnnn 2.
S50%=FW R (IN M) &ttt ittt ittt iieeineennenneennnn 3.
TOZ=FW R (IN M) ttvtiiee st iinnnennsennnnnnnneennn 5.
90%-FW R (IN M) ittt tiiiiiitee e iiiinnnaeeennnnnnn 8.
FWHM X (IN M) ottt it ittt ittt iee e ieine s 3.
FWHM Y (IN M) ottt ittt ittt iieieeinennnn 3.
(FWHMX + FWHMY) /2 (IN M) ot ittiiiie i iiiianneeeenn 3.
FWHM R (IN M) ittt it ittt iieeteeeneaenennennnn 3.

LEAST SQUARE FIT OF SPATIAL DISTRIBUTION IN PLANE OF FOCUS

WITH A POLYNOMIAL FUNCTION OF 6 TERMS :
DIST(DR) = 2.86021D+09 * ( 1.00000D+00 +

-7.71045D-01 * (2*DR/FWHMR

3.51078D-01 * (2*DR/FWHMR

-9.15120D-02 * (2*DR/FWHMR

1.19775D-02 * (2*DR/FWHMR

-6.05248D-04 * (2*DR/FWHMR

KrEK FROM SUBROUTINE RECTBR (T2) xR

RECTANGULAR SPATIAL DISTRIBUTION
TOTAL NUMBER OF PARTICLES ..........ciiiiiiianannn.
NUMBER OF DIVISIONS IN TOTAL HISTOGRAM ............
NUMBER OF DIVISIONS IN HISTOGRAM OF THE EDGE.......
DIVISION-WIDTH (IN M) ..ttt tineiieineenennnnennnn 1.

5101
50
90454D-10

20000D-01
83343D-05
1

71

71
09853D-01
15788D-02
03280D-08
00341D-08
94634D-08
83507D-08
67502D-08
43658D-08
66082D-08
86798D-08
41832D-08
86886D-08
63388D-08
48843D-08
56116D-08
01493D-08

) **
) *x
) **

2

4
J** 6+

8

0

) **1

5101

100

5
27758D-06

AVERAGE AMPLITUDES, SHIFTS AND INTERVALS USED FOR L-S FITS:

AOX = 5.22979D+01 XWO = 1.20093D-04 XWl =

DSHIFTX= 2.61489D+01 SHIFTX = 2.92362D-06
AOQY = 5.20510D+01 YWO = 1.25203D-04 YWl =
DSHIFTY= 2.60255D+01 SHIFTY = 1.36095D-07

EFFECTIVE SPATIAL BROADENING IN PLANE OF BEST FOCUS :

1.25940D-04

1.25475D-04

+

+

Z-COORDINATE OF REFERENCE PLANE (IN M) ........... 7.20000D-01
AXIAL DEFOCUS RELATIVE TO REFERENCE PLANE (IN M) . 1.83343D-05
AVERAGE X (IN M) ittt ittt tiietiieenaennns -1.41688D-06
AVERAGE Y (IN M) ittt ittt ittt ittt it eeaaennes 2.57812D-07
HWHM X (IN M) euveeee et e et e et et e e eieeeeeeas 1.23833D-04
HWHM Y (IN M) ittt ittt et e et e ettt ettt et eeeeneennnns 1.25916D-04
MonTec Particle Optics Simulation Tools - Manuals 85 Version 2.1



D2575 X (IN M)
D2575 Y (IN M)

D2575 AVERAGE

L

WARNING: ACCURACY OF EDGE-WIDTH IS LIMITED BY

THE DIVISION WIDTH OF THE HISTOGRAM

LEAST SQUARE FIT OF SPATIAL DISTRIBUTION IN PLANE OF FOCUS

WITH A POLYNOMIAL FUNCTION OF

DIST(X)= 3.9179D+01*( 1.000

6 TERMS :
0D+00 +

3.25870D-06
5.03651D-07
1.88118D-06

-7.1622D-01* (2* (X-1.2302D-04) /D2575X) ** (

=-2.7501D-02* (2* (X-1.2302D-04) /D2575X) ** (

2.7505D-01% (2% (X-1.2302D-04) /D2575X) ** (
-2.1912D-03* (2* (X-1.2302D-04) /D2575X) ** (
~4.0319D-02%* (2% (X-1.2302D-04) /D2575X) ** (

DIST(Y)= 5.0621D+01*( 1.000

* KKk

0D+00 +

-9.9775D-02* (2* (Y-1.2534D-04) /D2575Y) ** (

~7.9398D-02* (2* (Y-1.2534D-04) /D2575Y) ** (

1.5257D-02* (2* (Y-1.2534D-04) /D2575Y) ** (

-9.1954D-04%* (2* (Y-1.2534D-04) /D2575Y) ** (

1.7939D-05* (2* (Y-1.2534D-04) /D2575Y) ** (

FROM SUBROU

ENERGY DISTRIBUTION :

TOTAL NUMBER OF PARTICLES
NUMBER OF DIVISIONS IN HISTOGRAM

TINE SYMEBR

* %k x

1/
2/
3/
4/
5/

1/
2/
3/
4/
5/

5101

50

DIVISION-WIDTH (IN EV) ..ttt iiiiinienennnnns 2.82370D-02

ENERGY MEASURES (

IN EV) REFER TO LAST Z-COORDINATE

SUB-ENSEMBLE SIZE FOR ESTIMATE OF STATISTICAL ERROR

NUMBER OF SUB-ENSEMBLES
RELATIVE STATISTICAL ERROR IN RMS
RELATIVE STATISTICAL ERROR IN 50%-FW
AVERAGE ENERGY /TOTAL VELOCITY/

AVERAGE ENERGY /Z-COMPONENT OF VELOCITY/

RMS
RMS
10%
30%
50%
70%
90%

OF
or
W
FwW
FwW
FwW
FwW

ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY

DISTRIBUTION
DISTRIBUTION
DISTRIBUTION
DISTRIBUTION
DISTRIBUTION
DISTRIBUTION
DISTRIBUTION

FWHM ENERGY DISTRIBUTION

LEAST SQUARE FIT OF FOLDED ENERGY DISTRIBUTION

WITH A POLYNOMIAL FUNCTION OF

71
71
(3*RMS-VALUE) ... 3.07128D-02
(3*RMS-VALUE) 5.84101D-02
.......... 1.00001D+05
.......... 1.00000D+05
.......... 7.56611D-01

/Z-COMP. OF VELOCITY/ 4.87537D-01
/Z-COMP. OF VELOCITY/... 1.18055D-01
/Z-COMP. OF VELOCITY/... 3.67281D-01
/Z-COMP. OF VELOCITY/... 6.33889D-01
/Z-COMP. OF VELOCITY/... 9.82394D-01
/Z-COMP. OF VELOCITY/... 1.58634D+00
/Z-COMP. OF VELOCITY/... 1.09978D+00

6 TERMS:

DIST(DE) = 2.43090D+02 * ( 1.00000D+00
-6.81526D-01 (2*DE/FWHM) ** 2 +
2.14593D-01 (2*DE/FWHM) ** 4 +
-3.60232D-02 (2*DE/FWHM) ** 6 +
3.00989D-03 (2*DE/FWHM) ** 8 +
-9.52536D-05 (2*DE/FWHM) **10 +
KrEK PROCESSING OF COORDINATES Rk
PROCCOl: COMPENSATION OF Z-DEPENDENCY IN Z-COMPONENT OF VELOCITY
NOMINAL FRACTION OF PARTICLES TO BE USED IN FIT ... 8.00000D-01
NUMBER OF PARTICLES USED IN FIT PERTURBED COORD. 4081
AVERAGE Z-POSITION <Z> (IN M) .....iuiuinennnnnnnnn 7.20003D-01

AVERAGE Z-VELOCITY <Vz> (IN

Z-POSITION RANGE PERTURBED COORDINATES Rz
Z-VELOCITY RANGE PERTURBED COORDINATES RVz

M/S) e

.......... 1.87553D+08

(IN M) .. 4.10103D-03

(IN M/S) 5.15479D+03

1
1
1
1
1

1
1
1
1
1
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NUMBER OF DIVISIONS IN HISTOGRAM .........covevnn.. 10
NUMBER OF TERMS IN FIT FUNCTION PERTURBED COORD. .. 1
NUMBER OF PARTICLES USED IN FIT UNPERTURBED COORD. 4081
Z-POSITION RANGE UNPERTURBED COORDINATES Rzu (IN M) 4.10088D-03
Z-VELOCITY RANGE UNPERTURBED COORDINATES (IN M/S) . 3.23511D+03
NUMBER OF TERMS IN FIT FUNCTION UNPERTURBED COORD. 1
LEAST SQUARE FIT OF Z-VELOCITY AS FUNCTION OF Z-POSITION
- FOR PERTURBED COORDINATES :

(Vz (2)-<Vz>) /RVz = 2.87981D-02 * [ (Z-<Z>)/Rz ]** 1 +
- FOR UNPERTURBED COORDINATES

(Vz (2)-<Vz>) /RVz = -3.61985D-03 * [ (Z-<Z>)/Rzu ]** 1 +

i FROM SUBROUTINE SYMEBR KAk K

ENERGY DISTRIBUTION :

TOTAL NUMBER OF PARTICLES ......tiiiunennnnnnnnnnnn 5101
NUMBER OF DIVISIONS IN HISTOGRAM .................. 50
DIVISION-WIDTH (IN EV) ...ttt ittt 2.76034D-02

ENERGY MEASURES (IN EV) REFER TO LAST Z-COORDINATE

SUB-ENSEMBLE SIZE FOR ESTIMATE OF STATISTICAL ERROR 71
NUMBER OF SUB-ENSEMBLES ...ttt ttettnnennnnnnnnnnnns 71
RELATIVE STATISTICAL ERROR IN RMS (3*RMS-VALUE) ... 3.13253D-02

RELATIVE STATISTICAL ERROR IN 50%-FW (3*RMS-VALUE) 6.63267D-02

AVERAGE ENERGY /TOTAL VELOCITY/ ....iuiuuuiieennnnnn. 1.00001D+05
AVERAGE ENERGY /Z-COMPONENT OF VELOCITY/ .......... 1.00000D+05
RMS OF ENERGY DISTRIBUTION ....iuiinnnnnennnnnnnnnn 7.49078D-01
RMS OF ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/ 4.76108D-01
10% FW ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/... 1.19110D-01
30% FW ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/... 3.59825D-01
50% FW ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/... 6.28550D-01
70% FW ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/... 9.55498D-01
90% FW ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/... 1.54468D+00
FWHM ENERGY DISTRIBUTION /Z-COMP. OF VELOCITY/... 1.08720D+00

LEAST SQUARE FIT OF FOLDED ENERGY DISTRIBUTION
WITH A POLYNOMIAL FUNCTION OF 6 TERMS:
DIST(DE) = 2.41870D+02 * ( 1.00000D+00 +
-6.76620D-01 * (2*DE/FWHM)** 2 +
2.08490D-01 * (2*DE/FWHM)** 4 +
-3.48172D-02 * (2*DE/FWHM)** 6 +
3.04344D-03 * (2*DE/FWHM)** 8 +
-1.09875D-04 * (2*DE/FWHM)**10 +

STOREP: STORES THE PROJECTED POSITIONS OF PARTICLES TO FILE (FORMAT=1)
Z-COORDINATE OF REFERENCE PLANE (IN M) ........... 7.20000D-01

STOREP: STORES THE PROJECTED POSITIONS OF PARTICLES TO FILE (FORMAT=1)
Z-COORDINATE OF REFERENCE PLANE (IN M) ........... 7.20018D-01

START PROGRAM: 0:30:52 ON 7/10/2003
END PROGRAM : 0:31:32 ON 7/10/2003
RUN TIME : 0 HOUR, O MIN AND 40 S
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Appendix B. INTERAC screen shots

Worksheet Dashboard

File Edit  Wiew Insert  Format

Tools

Data  Window Help  Acrobat

Full Screen OnfOfF | Expand | Collapse | Z00M |

¥ersion 1.7, Licensed to Caneval BY. 194142004

Interac Dashboard

Dashboard | System | Section | MC_in | MC_out | MC_edi | MC_sdl | MC_pos | MC_cor | PlotDis | PlatPas | PlotCor | Runis | Results | PlotRuns1 | PlgtRUN=2 | 2hout | Settings

“% MonTec

Particle Optics Simulation Tools

Workload execution command line

A = ? i . i i i Browse
MC files for data analysis MC input files drive & directory C: MonTec' Demo'ln Samv,? as
MC output files drive & directory C: MonTec Demo\Out runfiles | Browse
Selected series Series ID (or "All" for all runs in all series) ems Previous series Hext series Go to 'Runs’
Humber of runs in series g specification
Previous run Hext run area
Selected run no. 1
Selected run Data file identifyer DEMCH Run 1 - Series Systems :
System file identifyer DEMO1 DEMO1.DAT & DEMO1.SY$S
Input and Output File Names for Selected Run: 1
File type Extension Filename Exist 2
Input files MC-data input file DAT DEMOT DAT TRUE
MC-system input file S5YS DEMO1 SY'S TRIE
MC- coordinates input/output file COR DEMOT COR TRUE
MC- general output file outT DEMO QT TRLE
Output files MC-energy distribution output file EDI DEMC EDI TRUE
MC-spatial distribution output file SDl DEMO1 SDI TRIE
MC- radial positions output file POS DEMO POS TRLE

BUR M Calon TectDematint DEMO! * Workld Calon TectDemotCutyDER D1

Monte Carlo Simulation (Automatic MC Parameters: Off)

Export input file MC DAT rd Export files Add selected run to workload Run joly
Export input file MC S¥S ¥ Add selected series to workload Pun workload Workload started: C:\MonTec \MC\Workld.BAT
Copy system data first 7 ¥ Edit files Edit workload | Clear workload Cv..
Data Analysis for Selected Run: 1
Input files 4 Import MC DAT Show
y Completed - Run 1
Copy input data to system ? I & MC 5Y5 files system P
General output file I’ Import MC OUT file Completed - Run 1
Energy distribution file I
I Impert MC EDI file Completed - Run 1
Maintain current scale 7 r Import Clear
g = “checked"” imported
e files Import MC SDI file data Completed - Run 1
Maintain current scale 7 r
Positions file ¥ .
Misintain current scale 7 r Import MC POS file Completed - Run 1
hise: no particles (=50000% 5,000
Co-ordinates file I¥
Mairtain currert scals 7 r Import MC COR file Completed - Run 1
i no particles (=500007 5.000
Data Storage to Worksheet 'Results’
Extrac key results from OUT files 7 v Store data for Store data for Clear all data MC input & outp ut data and analﬁical caleulation
ExecLte analytical calculation 7 rd selected run selected series from memory stored - Run 1
Spreadsheet Management
User data and settings: Reset all Clear all Reset all model Reset entire
Clear worksheet 'Runs' data? Ird screens user data parameters spreadsheet Task abandoned

MonTec Particle Optics Simulation Tools - Manuals 88

Version 2.1




Worksheet Dashboard with MC command window and system plot window

Full Screen OndOff | Expand | Collapse | Zooml

[ S N

Dashboard | System | Section | MC_in | M _out | M _edi | W _sdi | MC_pos | W _cor | PlotDiz | FlotPos | FlotCor | Funs | Fesutz | PlotRunz | PlotRuns2 | Aot | Settings

: MonTec

- -1
W|NDUWSEF12ITI32\CITIC| e -0 ﬂ Particle Optics 5i Tools
n 2uns'
TecMC | Browse
PROGRAM
. . . Tec Demol 5 Browse
Monte Carlo Simulation of Particle Beam Systems St -emon amﬁlas
{C> Caneval B.V., 17897-2884 Tec'Demo!Out runtiles | Browse
Uersion 3.3 _ _ _ N R
evious series Hext series Go to "Runs’
specification
JOB revious run Hext run area
System Input File: MONTEC~DEMO~IM~JEOL.S¥S Run 30 - Series Systems :
Data Input File: MONT ECSDEMO~INSJEOQL .. DAT
Joh Started at:  11:52 on 27/ 12084 JEOL.DAT & JEOL.SYS
0
PROCESS jame
DRIFT2 11:52 3
Close System file: JEOL.SYS ﬂ J
Outel 1 4E02 +
Work 9.0E-03 +
Ewol 4 0E-03 1 L
Expo === =ETTT \*-“
Copy| E ™ o ——-—=7 I ———
X9 BE-04 + e | ~. - __ |-
-~
~
~
~
~
Copy S~
-6.0E-03 + .
~
Gene M
- ~
~
Enery .1 1E-02 4 =
hiirit
Spati
Idirits -1.6E-02 t t t t t t
Posil 0.0E+0 5.0E02 1.0E-01 1.5E-01 2.0ED 25E01 3.0E-01 3.5E01
it Distance from source Z {m)
[ =El
Cool Key figures from MC data file JEOL.DAT and MC system file JEOL.5YS and derived data from analytical model:
Maint] Source / Target: Patticles mass and charge of electron Dptical components: Mumber of beam sections =6
itz 1 Azxial location source = 0,0000E4-00 () | target = 3,5100E-01 {m) Mumber of lenses [ quadrupoles =30
Beam current at source = 1,0000E-05 (&) [ at target 1.6035E-09 {A) Mumber of deflectors =0
Beam woltage at source = 5.0000E+03 {¥) [ at target 5. 0000E-+04 (V) Mumber of apertures = 2
Exctra FWHM energy spread at source 3.7223E-01 e¥ (Lorentizian distribution) MC parameters: MSAM at source = 500000 | at barget = &0
Execl Circular Gaussian source surface with XHW=YHw=1,5000E-08 m MSEED = 13, NTOT at target = 1042
Circular uniform angular distribution with AHW = 1,2620E-01 (Rad) Ray-tracing algorithm: & x DRIFTZ;
Interaction per section: 1OFF20FF3:0n, 4:0n, 5:0R, 6:0A, Estimated MC run-time: 1 haur,4 min and 54 s (Order of magnitude)
User| Crossovers at: -2.65E-04, 4,95E-02, 2.05E-01, 3.81E-01 (m) Transverses magnifications in conjugated planes:
Clear Source conjug. planes at: 0.00E+00, ¢,95E-02, 2.05E-01, 3.581E-01 (m) 1.00E4+00, 4.27E-01, 8.11E-02, &.10E-03 (source to conjugated plane)
—| Target conjug. planes at: 3.81E-01, 2.05E-01, 4.96E-02, 1.92E-04 (m) 1.00E+00, 9.99E-02, 1.90E-0Z, &.43E-03 {conjugated plane to target)
|
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Worksheet Runs ( top-section)

Dlashbcard | System | Section | MC_in | MC_out| MC_edi | MC_sdil MC_st| MC_cor| FlotDis | F'IDtF'Dsl FlatCaor | Hunsl Fesults | FlotRuns1 | FlotRuns2 | Aot | Settingsl

Full Sereen OnfOff | Zoom|

MC Run Jobs Specification

Go to "Dashboard” | Restore Defaults

MC run & series specification

System Input

MLC program parameter setting

Femarks

Fun |Series ID DAT file minuzs ext. |5Y5 file minus ext.
no. [maz 10 char.] [mazx 10 char.] 1[uf] ¥ (10 k¥] NSAM NSEED DRIFTX
1 Default DEMOI DEMODI 10 100 Automatic DRIFT2
2 DO1-test DEMOIT1 DEMO1 100 100 200 100 DRIFT2
3 O1-test OEMOIT2 DEMOD1 100 100 500 40 DORIFT2
4 Di-test DEMOIT3 DEMODI 100 100 1000 20 DRIFT2
L] O1-test OEMOIT4 DEMOD1 100 100 2000 n DORIFT2
[ Di-test DEMOITS DEMODI 100 100 5000 4 DRIFT2
7 O1-test OEMOITE DEMOD1 100 100 10000 2 DORIFT2
L] Di-test DEMOITYT DEMODI 100 100 20000 1 DRIFT2
a o1-15 DEMO1I DEMOD1 1 100 Automatic DORIFT2
o o1-15 OEMOM2 DEMOD1 2 100 Automatic DORIFT2
1 Di-15 DEMO1IS DEMODI 5 100 Automatic DRIFT2
12 o1-15 OEMOTID DEMOD1 n 100 Automatic DORIFT2
13 Di-15 DEMOMIZ0 DEMODI 20 100 Automatic DRIFT2
14 o1-15 OEMO1I50 DEMOD1 a0 100 Automatic DORIFT2
15 Di-15 DEMO1100 DEMODI 100 100 Automatic DRIFT2
16 01-¥5 OEMOTYS DEMOD1 n 5 Automatic DORIFT2
17 D1-¥5 DEMOI¥10 DEMODI 10 10 Automatic DRIFT2
18 D1-¥5 DEMOI¥ 20 DEMODI 10 20 Automatic DRIFT2
13 01-¥5 OEMOTYS0 DEMOD1 n a0 Automatic DORIFT2
20 D1-¥5 DEMOI¥100 DEMODI 10 100 Automatic DRIFT2
21 01-¥5 OEMOTY 200 DEMOD1 n 200 Automatic DORIFT2
22 D1-15-01 DEMOIND DEMOIDI 1 100 Automatic DRIFTI
23 01-15-01 OEMOTDD DEMODIO n 100 Automatic DRIFT1
24 D1-15-01 DEMOII100D DEMOIDI 100 100 Automatic DRIFTI
25 Systems SCALFPEL SCALPEL Automatic DRIFT2 Identical to default series
26 Systems IMS5 IMS Automatic DRIFT2
27 Systems IBMEL3 IBMELZ Automatic DRIFT2
28 Systems AEBLE15D AEBLE15D Automatic DORIFT2
29 Systems DualGA DualGA Automatic DRIFT2
30 Systems JEOL JEOL Automatic DRIFT2
3
32

MonTec Particle Optics Simulation Tools - Manuals 91 Version 2.1




Worksheet System (‘Set-up for system input’ view, top-section)

Dashboard |Sgstem| Seation | MC_inl MAC_aut | MC_edi | MC_sdil MC_pos | MC_corl PlatDis | PlatFoz | FlatCar | Runs | Results | PlatRuns1 | PlatRuns2 | About | Settings

Expand all areas | Collapse all areas | Full Sereen OnfOfF | Unlockcharts Zooml

System Definition & Calculations

Increase abs

Diecreaze abs || 1.0000E-02

Expand | Callapse |Copg data from MC_in | Copy system data to MC_in |

System plot: Principal Rays in Total System - X direction

Increase

Decrease ¥

000013

Set-up screen for system input | Reset for new system

Load demo system

Scale plot | Show system plot in separate window | System file: DEMOLSYS
12E-02 T
TAE-4 4
24E-04 1 \
= -
= —
= === == e
-2 BE-04 — el e e T
I o =
T e T T ——
e
e
FEE-04 =
-12E-02 ! + + + + t + t
0.0E-00 10E-01 2.0E-M J.0E-M 4.0E-M 6.0E-M E.O0E-M T.0E-M
Distance from source Z [m)
Legend: Straightline ! Dashed azis: Interaction on { off
Expand | Callapse | Source Properties
Category Geometric properties Unit Yalue Beam prop: Identifier Unit Yalue
H-coordinate of source centre HCTR m O_0000E-00| Farticle mass PMASSIFM (kg S.1096E-31)|
“-coordinate of source centre YCTR m 0.0000E+00] Absolute value of particle charge in elementary charge units MEHRG { P& 1.O000E-00|
= Sipatial distribution type [1=Circular uniform, 2= Circular Gaussian, 3= Rectangular) =53 5 2| Beam current at emissicn El A 1.0000E-05
P Source half width in ¥-direction [HwHM)] HHW m #.0000E-05 | F'wHM energy spread at emission F'WwE ey 1.0000E-00
Source half width in *f-direction [HwHM] THW m S.0000E-0%5| Type of energy distribution [1=Uniform, 2= Gaussian, 3= Lorentzian] IDE 2
Angular distribution type [1=Circular uniform, 2= Circular Gaussian, 3= ME thermal distribution D& - 1] Cathode temperature TCA K 2.5000E-03
Beam semi angle HWHM AHW Fiad 5.0000E-03| Eeamn semi angle H'WHM corresponding to Cathod temperature A Fiad 1728E-03)
Expand | Collapse Optical Components and Drift Sections
Specification ! value by beam section
Cateqory ¥ariable description Identifier Unit 1 2 3 4 5 [ 7 a 10 Target
B Particle interaction switch [0=0F, 1=0n] INTEFR: L] L] 1 1 1
e am
sections Ayial coordinate at start of section [first = source, last = target] 20 m 0.0000E-00( 16000E-01| 3.2000E-01| 4 E000E-01( & £00DE-01 7. 2000E-01
Eieamn potential at start of Section [= value at end previous e ction] =5 W 1.0000E-05
Collapse | potive (1="fes, 0= Noj leng-suitch 1 1 1
H-goordinate of lens centre HETR m
‘-goordinate of lens centre YCTR m
Lenses [at N
=tart of beam Fogal distance F F m 1.6000E-01 1.6000E-01| 4.0000E-02
zection] Spherical aberration coefficient [object side, infinit magnification CE[0bj.inf m 1LG000E-D1 1.6000E-01| 4.0000E-D2
Chromatis aberration coefficient [object side, infinit magnification CC[Obj..inf m 8.0000E-D2 §.0000E-02( 2 0000E-D2
Coefficient of rotational distorsion [magnetic lens RO Fiad
Coeffisient of chromatic error in ratational distorsion [magnetic lens) | RC Fiad
Collapse | active [1=Yes, 0= No) Dlefl.-switch
Deflectors (s Angular deflection in X-direction AR m
start of bearn  |2ngular deflection in Y-direction AY m
zection Dispersion [chromatic aberration) coefficient oc Fiad
Collapse | fctive [1='fes, 0= Na) Apert-switch 1 1
#-coordinate of lens centre “CTR m
Apertures [at )
tartof beam  |r-coordinate of lens centre YCTR m
section) Half width in 3-direction HHM m 6.6000E-04| 5.0000E-04
Half width in ¥'-direction YHM m G.6000E-04( 5.0000E-04
Shacaindeoy t-Cir JSLE 2 2
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Worksheet System (‘Monte Carlo Simulation Parameters’ section)

Expand | Colla

pse I

Monte Carlo Simulation Parameters

Inutomatic: I

of | on |

OFf

Key MC data input file parameters [Sec worksheet MC_in for full details] MC system input file commands For data analysis and storage [Sec worksheet MC_in for full details]
ICOMNS MOE NOT! NMOT2 ISTOREE ISTORET! ISTORETZ IMTH T2 Coordinates storagefretrieval | Radial positions analysis and storage (0=Mo, 1= intarget plane, 2= | Encray distribution ana [0=ha,
MC input [1='es, 0=Ma] in plane of best focus, 3=in target and plane of best focus) T=witheut PROCCD, 2=withaut and
files settings z 50 50 100 1 1 1 -1 1 weith PROICCOT
INTER MSAM MEEED MFIELD METEF ISTEF A IBLIR MIMNT IFROC STOREC READC TER RNOTER RECTER STOREF SYMEER ASYEER
1 1,700 [ 10,000 2,000 1 [1] 1.000 1] 1 1] 3 1] 3 3 2 1]
Beam section 1 2 3 4 5 [ 7 8 ] 10 Target
FRay tracing algorithm by beam section [1=DRIFT1,2=0RIFTZ2 3=0RIFT3; 2=Default) 2z 2 2 2 2
:‘I“t:i’:h‘:‘“g Tumber of particles in the sample by beam section [MNSAM) 1,700 1472 246 246 246 246
angd run-time | 12tal number of particles by beam section in all seeds (MTOT = MEAM = MNSEED) 10,200 2,839 6,073 6,073 6,073 5,073
estimate Expected run-time per section per seed [min] 2.288E-04 2.185E-04 2.778E-02 2.778E-02 2.778E-02 8.378E-02
All NSAMINSEED criteria met Total number of particles at source: 10.200] Minimum sample length! beam width: 2. 903E-00
Estimated total job run time [Settings: Comp. speed relative to benchmark = 1.00): 42 5 Total number of particles at target: 5,072| Mazimum sample length? beam width: 3.193E-01
Scale plot | ——Beamuwidth Bearn Diameter and Sample Length in Total System
—— Sample length
—— Sample length ! Beam width
1.0E+02
| ————
o DR e —
E 1.0E+00
2
®m  1.0E-01
‘g' 10E-02
g
= 10E-03
o /’-‘——_'— s
= e B —
1.0E-04
0.0E+00 1.0E-01 Z.0E-M 3.0E-M1 2(m) 4.0E-01 5.0E-01 B.0E-01 T.0E-01
Plot sealing | Linear scale [1] or logarithmic scale [2]): 2| Reset automatic scaling :gg::“[: Plinimum sample length § minimum beam radios all zections 5 00E-D0| == MSAN source > 1664 | Suggested setting:
L
— Co-ordinate | Min scale Mazx scale Margin > Min data Maz data selection Minimum zample length # mazimum beam radius all sections 2. 00E-D00| == MSAN source > 32| MSAM-zource 1,700
Z 0.00E+00 7.20E-01 03 0.000E+00 T.200E-0) Set to Mlinimum zample size at the target 100 ==: MNSAM_zource 2| NEEED 3
FIZ1 1.60E-04 JI9E-01 Lk 1.E00E-04 2I93E- default Miniﬂum tokal nuﬂber of narticl_es At the target 5000/ ==> MTOT _souree 10053 MTOT-target 5.073
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Worksheet System (‘Analytical Model Parameters for Coulomb interaction Effects’ section)

Expand | Collapse Analytical Model Parameters for Coulomb Interaction Effects Dynam links On On | O
Category Yariable description Store constant For selected cell idenliﬁel Unit 1 2 3 4 5 & 3 1n Target
Eeam current | i) 1.0000E-05 2.EEENE-DE 4.972EE-06 4.973EE-0E 4.9736E-0E 4 972EE-0E
Eeamn potential at start of section [non-relativistic) VMR W 1.0000E+05 1.0000E«05 1.0000E«05 1.0000E+05 10000E«05 1.0000E «05
Auceleration ratio Wend!start [Slice method only) VRAT - 1.0000E+00 1.0000E-00 10000E+00 1.0000E+00 10000E 00
Eeam section length L m 1.8000E-01 1.E000E-01 1E000E-01 2.0000E-01 4.0000E-02 72000E-01
General Dlistance from start of beam section ba physical image plane LIP m 3.2000E-01 1E000E-01 0.0000E+00 2 4000E-01 4. 0000E-02
properties Diigtance from start of beam section to optical image plane LIo m -1.0D00E.10 1.6000E-01 0.0000E+D0 -1.O00ODE.10 4 0000E-02
Transverse magnification from physicalimage plane to reference plang TRFE - BOO0E-01 Z.5000E-01 AO00E-01 1.0000E+00 1.0000E+00 1.0000E 00
Transwerse magnification from optical image plane toreference plane | TMO 4.0000E-12 2 EB000E-1 2 BO00E-01 4.0000E-12 1. 0000E 00
Transwverse magnification of section component [lens { quadruople)] | TR - 1.0000E-00 1.0000E«00 1.0000E«00 2.5000E-01 10000E-00
Beam type: 1] section with crossover, (2] parallel section IET. - 1 2 2 1 1 1
Crossover pasition SC - 0.0000E-00 £.0000E-01 1.0000E00
Fhysical image plane position SIF - 2.0000E+00 1.2000E+00 1.0000E+00
Parameters Opticalimage plane position ST - -£.2B00E+10 -5.0000E+10 10000E+00
for beam Angular distribution kype [1=Uniform, 2=Gauss, 3= TruncGauss, 4=5qual IDAD - 1 4 4 4
section with | Characteristic beam semi-angle (HWHM) AlC Fiad 5.0000E-03 31250E-03 2.0000E-03 2.0000E-03
erossover Magimum beam semi-angle [HwHM, used when IDA0=3] A0r Fad 5.0000E-02 21250E-03 2.0000E-03 2.0000E-03
Spatial distribution type [1=Uniform, 2= Gauss, 3= Trunc.Gauss, 4= Squan IDRC - 2 2 4 4
Characteristic crossoser radiuzs [HWwHM) RCC m 3.0000E-05 S.0000E-05 1.2500E-04 1.2500E-04
Magimum crossowver radius (HwHM, used when IDRIC= 3] RBCM m O000E-05 0000E-05 1.2500E-04 1.2600E-04
Spatial distribution type [1=Uniform, 2= Gauss, 3= TruncGauss, 4= Squan [DR0 - 4 4
Farameters | Characteristic beam radius [HWwHRM] ROC m 6.9667E-04 5.2600E-04
parallel beam | Masimum beam radius (HiHM, used when IDR0=3) Fird m BARETE-04]  5.2RO0E-04
section Physical distance to image plane [Focal length] FLF m 2.0000E-02 1E000E-01
Optizal distance to image plane [Fosal length) FLO m 5.0000E-02 1E000E-01
Model Include interaction effectz in tokal syskem ewaluation [1=Yes, 0=klo] INT - 1] 1] i 1 1 1
parameters Interactions correlated bo nekt beam section [1='Yes, 0=hao) ICOR - 1] 1 0 0 0
(1] se analytical formulae; (2] Use slice method IMETH - 1 1 1 1 1
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Worksheet System (‘Analytical Results for Coulomb interaction Effects’ sections)

Expand | Collapse I

Analytical Results for Coulomb Interaction Effects

Calculate Coulomb interaction effects by beam section or For all sections [“Cale. All'): Calculate Calculate Calculate Calculate Calculate Calculate Calculate Calculate Calculate Calculate Calc. All
Category Sub category Identifier Unit Curr.Sec. 1 2 3 4 5 [ 7 8 ] 0 Target
Collapze Boersch Effect FwHME elf 7.6835E-02 2.145E-01 4. 340E-02 +.8T4E-02 Z87EE-M TEEIE-0Z 3232E-0
Selected FWhIE ey 5.6 3E-02) 1429E-01 3.2E0E-02 3.283E-02 1.9256E-01 A.IGEE-02 21G3E-0
results - GamEHE - 1.5107E-+00) 16TE+00 1.601E+00 160100 15HE-00 15TIE+00 1530E-00
Based on: Trajectory displacement FuHME m 3.1489E-09| SEME-03 44E4E-03 £.963E-09 2.315E-08 343E-03 J05E-0F
Foulom_b 1] IMETH FwhlR m 5.4414E-03) 8.631E-09 5.586E-09 1126E-08 3591E-08 5.441E-09 4 BEBE-0E
interaction parameter d1288R m E.199E-09) 9.520E-09 E.17P9E-03 1.245E-08 3.952E-08 E.120E-09 5.U4IE-UE“
Gl 2] analgtical d2575R m ZATI3E-09) BOFZE-09 3.2E0E-03 £.5E6E-09 Z.033E-02 3ATIE-09 2.E09E-08
method GamENT - 1.4 813E-00) 1527E«00 1501E«00 1501E.00 1578E-00 1481E-00 1.222E+0C
3] slice Space charge effect OZF m 1194 5E- 08| 1.094E-08 4. 30E-07 1.739E-06 1E33E-05 1195E-06 2.079E-0E
method -1 - 4.5351E-05] -2 BEBE-04 0.000E+00 0.000E+00 1.465E-04 4. 535E-05 -BAG0E-08
1 cs miFad"3 0.0000E-+00 0.000E+00 0.000E +00 0.000E+00 0.000E-+00 0.000E+00 0.000E 01
Expand | Collapse | Plots of Anahtical Resulis for Coulomb Interactions from Different Methods and by Beam Section
Also show values for beam sections with INT=0 [INT=0 =: Contribution to total effect at target ignored :I =
2.5E-01 T.0E-0& 14E-04
00%
B.OE-D& 1.2E-04 o 0%
2.0E-01 =
B0y
5.0E-05 | 10E-04 1 -
E ll-j L5
15E-01 -
- 8.0E-05 - "
Key results HOE0% Contri- H :602
from bution by @ Bsgx
different AETLT F0E-05 E.0E-05 bean_\ ER
methods section B oy
2.0E-0% 4.0E-05 - g Vang
S.0E-02 ]
a0%
1.0E-0& 2.0E-05 - 3
@ oz
0.0E+00 0.0E+00 0000 4 o
Felected  Analytical Flice math. Selected  Analytical - Elice meth. Zelected  Analytical  Elice meth, 1 2 5 5 6 7 5 3 10
FWHOE [2] Fuw/S0R [m) DZF [m) B FWS0E(eVY) mFWS0R(m) o D2F (m) Beam Section
Evpand | Callapse | Anahdical Results for Total Energy Spread
Category Sub category Identifier Unit Source 1 2 3 4 5 [ 7 8 ] 10| Target
FuwHME-BE&S | eV 1.0000E+00) 1.000E+00 1OD0E 00 1001E00 1.052E+00 1.057E+00 1057E+0C
Total energy | Selected results for Boersch Effect
spread combined with specified source data FWwhIE-BE&S [eV 5.7236E-01) 5.728E-01 5.728E-01 5.739E-M E1ZEE-IN EABIE-M E.{E1E-D
GamEHE-BERS |- 2.0000E-+00 2.000E+00 2.000E+00 1.9T3E00 1.869E+00 1.847E+00 1.847E+0C
Expand | Collapse | Anahtical Results for Total Probe Size Set to default
Category Sub category Component Identifier Linit Include 2 Sel.-d2575R | FWHMR FW50R di288R d2575R Remarks
Results Gaussian image d2675-Gauss m = 0.0000E+00] 0.0000E.-00| 0.0000E-00| 0.0000E. 00| 0.0000E-00]
For lola-l Geometrical contributions DI"[af:llDl‘l [Airy l-‘llsk] d2575-4in m 1= 5.8621E-10) 9.3724E-10) 9. 742BE-10) 1.05914E-09) 5.8621E-10) 1) Target is MIOT a image of the
probe size Spherical aberration of lenses d2575-SpherAb m = 3.47E5E-09) T.0335E-09 7.0985E-03] 8.2405E-09 JATEEE-09] source: Contribution of
d2575 Chromatic aberration from source d2576-ChromAbSrs m ¥ 3.6ES0E-10) 164 90E-03 2.0134E-09 8.6EB0E-10] Gaussian image ignored
[m]) Chromatic aberration from Boersch effect d25675-ChromAbBE m F 1.3963E-10) 2EB1T7E-10) JAGEEE-10 1.3963E-10) 2] Effective beam angle 2t
Coulomb interaction Trajectory displacement d2575-T0 m F 2.BBB5E-03) 3.0514E-08] 4. 5E04E-03 5.0411E-08) 2.E585E-03) target used = 2.I3E-Dg Frad, with
effects [selected results] | gpace charge defocus d2575-DefocucSC m F 1.0000E-15| 1O000E-15 1.0000E-15| 1.0000E-15| LO000E-15) 3 square unifarm angular
Space charge spherical aberration d2576-SpherAbSC m ¥ 0.0000E-+00) 0.0000E-+00) 0.0000E+00) 10.0000E+00) 0.0000E-+00] distribution
Total geometrical aberration dise d2675-TatalGeom m F 3.585EE-09) T.2883E-09 T.20884E-09 S.4843E-09) J.AB5EE-09)
Totals Total Coulomb interaction dise d2575-Totallnter m F 2.B53EE-08 3.0515E-08 4.5655E-05] B.0H3E-0F 2 EB3EE-038
Total probe size 42575-Total m 2.8033E-08 3 403EE-08 4,22 GE-08 5.4038E-08 2 E093E-08
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Worksheet Section (top section with collapsed ‘Plot Parameters & Key results’ view)

ashboard | System [Seetion] MC_in]| MC_out| MC_edi[MC_sdi| MC

pos| MC_cor| PlotDis | PlotPas | PlotCor | Runs | Results | PlotRuns1] PlatRuns2 | About | Settings|

0. | y
Expand all areas Collapse all areas | Full Screen OntO | Unlockeharts

Beam Section Definition & Calculations

Increase abs [Decrease abs| 1.000E-06] |ncrease v | Decreaze ™ | 1.00%

Exzpand |Co|lapse| Previous Section

Mest Section I At same scale [T

Plots of Key Results for Beam Section 4 - Beam with a Crossover

Tune slice parameters

Scale plots I

Geometry of Beam Section 4

Boersch Effect

Trajectory Displ. Effect

Space charge defocus

Build-Up Interaction Effects in Beam Section [Slice Method)

25E-01 40E-08 S.0FE-05 " )n\
51E-04 3.5E-08 et .ﬁ Z0o0
2.0E-01 =
3IE-04 GHUEAL) 6.0E-05 s \
1.5E-01 25808 5.0E-05 E o
- LIE-04 =
E, 20E-08 4.0E-05 =
= -
- -31E-05 SRETC] e snes E o0
-2.5E-04 @
S.0E-02 1oEe B0 2 s
-4 3E-04 S0E-03 1.0E-05 g
L6AE-04 0.OE+00 0OE-00 noRe . _ E e ]
0.0E+0 20E-028 4.0E-02 6.0E-02 5.0E-02 10E-01 1.2E-01 14E-01 18E-01 18E-01 2.0E-01 Analytical  Slice meth. Analytical  Slice meth. Gna pHicalSlicemeth] E 0.0E+00 £0E-02 1.0E-01 15E-01 2.0E-01
—— Reff+ selected —— Rz selected —— ROCs selected —— RC- selecked F'WBOE [2V] FurS0R [m) BzF {m] © Eiocrsch effect Angular defl. Trajectory displ. —— SC defocus
—— RO+ selected —— ROM- selecked S —+— iz & Elice Cankers
Expand | Collapse Plot Parameters & Key Resulis
Espand | Collapse Beam Section 4 Input Parameters
Category |Descriplion Symbol Unit Input YValue | Minimum Maximum  [Remarks on selected input value
Bieam current | A 4 974E-06| 1.000E-15
Bieam potential at start of section [non-relativistic] YHR W 1.000E+D5 1.000E-15
General beam section Acceleration ratio Vend!Wstart [Slice method anly) WRAT = 1.000E+00 1.00DE-15
properties Eeam section length L m Z.000E-01| 1.00DE-15
Transverse magnification from phusical image plane to reference plane THMP - 1.000E+00| 1.000E-15
Transverse magnification from optical image plane to reference plane THMO - 4 D0D0DE-1Z2| 1.00DE-15
Beam twpe: (1] section with crossover, [2] parallel section IBT = 1 1 2 |Beam section with crossover
Croszover position SC = §.000E-01| -1.000E+03| 1.000E+0D3
Physicalimage plane position Sk = 1.200E+00
Optical image plane pasition sia = -5.000E+10
Input Input for beam section | &ngular distribution tupe (1=Uniform. 2= Gauss, 3=Tunc. Gauss, 4=Square || 040 = 4 1 4 | Square unifarm angular distribution in crassover
parameters |with a crossover (Input Characteristic beam semi-angle [Hw'HM) A0C Rad 3.125E-03 1.000E-15
for beam  |required when IBT=1] Masimum beam semi-angle (HWHM, used when IDA0=3) a0 Fiad 3.125E-03| 1.000E-15
section Spatial diztribution tupe [1=Unifarm, 2= Gauss, 3= Trunc. Gauss, d=Square.U| IDRC - 2 1 4 | Gaussian spatial distribution in crossouer
Characteristic crossover radius (HWwWHM] RCC m 8.000E-D5 1.000E-15
Maximum crossover radius [HwHM, used when IDRC=3] RCM m 8_00DE-D05 1.00DE-15
Sipatial distribution tupe [1=Uniform, 2= Gauss, 3= Trunc. Sauss, 4=Square. | IORD - 1 4
Input for parallel beam |Characteristic beam radius [HwHM] ROC m 1.000E-15
section (Input required Masimum beam radius (HWHM, used when IDR0=3) ROM m 1.000E-15
whenlBT=2] Phusical distance to image plane [Focal lengthl FLF m 0.000E+DD
Olptical distance toimage plane [Focal length) FLO m 0.000E+00
Relation bewween beam |Beam section number ISEC = 4 1 10
section and total Include interaction effects in total sustem evaluation [1=Y'es, 0=MNa] INT = 1 1] 1] Interaction etfects included in sustem calsulation
system specification Interactions correlated to nest beam section [1='e=, 0=MNal ICOR = o 1] 1| Interactions independent fram other sections
Model selection 11 Use analytical formulae; (2] Use slice method IMETH = 1 1 2 | Use analutical formulae
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Worksheet Section ( ‘Calculated Theoretical Parameters” and ‘Calculated interaction Effects’ sections)

Expand I Collapsel

Calculated Theoretical Parameters

Category Description Symbol Unix Result I Category Description Symbol Unit Result
General Beam potential W W 1.000E+05] For beam section vO-d0 scales vy mis E.B13E+05
Relativistic: beam potential W olatiwirtic W 1.093E+05] with crossover da m 5. T30E-10]
Brial velocity Vo mis 1.8 TEE+0S] Effective beam semi-angle [ Rad 3.926E-03
Axizl velocity ! light speed wic o 6. Z56E-01 Effective crossover radius Toort m 3.603E-05
Linear particle density W m 1.E55E-+05| Reduced brightniess fie Atm" 2 S 4. 353E+01
5:_,'2::::‘:1 HAverage axial separation iin m E.042E-08 Scaled linear particle density (Lambda-barl W = 3.554E-05
Parameters v soales B mis 3.631E+03] Pencil beam factar for beam with crossover X - 1I6TE+DZ
[ m 1.048E-05 Characteristic beam geomery quantities K = S5.6T0E+00
For parallel beam Effective beam radius Tosi m Ky = S.87IE+00
section Reduced current density Je AmE W) Kz o 1.468E+00
Scaled linear particle density [Lambda-star) [ 0 Scaled crossover radius [(RC-bar) - 0 1.659E+05
Pencil beam factar for parallel beam Xp o Soaled orossover radius (RC-star) T, = S5.166E+00
Scaled beam radius [RO-star] Ty = Scaled characteristic transverse velocity [V0-star] vy = B.727E+01

Exzpand I Collapsel

Calculated Interaction Effects

Calculated
Coulomb
interaction
effects

Category Description Symbol Unit Selected Analytical | Slice meth.
Boersch Effect F'eHM energy spread FieHME W 2.8T6E-01 2.8T6E-01 2. 051E-01
F'w'50 energy spread Flw'S0E eV 1.925E-01 1.925E-01 1.4071E-01)
Effective y-value energy distribution GamEHE = 1.541E+00 1.541E+00 1.507E+00
Angular deflection F'efHM angular displacement distribution width FierHMA Rad 2.193E-06 2. 133E-06[ 2 F72E-O7)
F'wS0 angular displacement distribution widd FiefS0A Fad 3. T10E-06 S110E-06]  3.430E-07)
d1288 angular displacement distribution edge width OH25854 Fad 3.185E-06 3.185E-06 3.861E-07
d2575 angular displacement distribution edge width 025754 Rad 3. 115E-06 3.115E-06 2 037E-O7]
Effective y-value angular displacement distribution GamEa - 1.903E+00 1.303E+00 1.5071E-+00)
Trajectory displacement|FwHM trajectory displacement distibution width F'w'HME m 2. 315E-05 2. 315E-05 1. 103E-05
F'w'S0 trajectary displacement distribution width Fe!SOR m 3.591E-05 3.991E-05 1.336E-05
d12585 trajectory displacement distribution edge width d12565R m 3.952E-05 3.352E-05 1.544E-05
d2575 trajectory displacement distribution edge width d42575R m 2 088E-05 2. 058E-05 8. 147E-03
Effective y-value trajectory displacement distribution GamEHT = 1.57SE+00 1.5T3E+00 1.501E+00|
Space charge effect Space charge asial defocus distance OzZF m 1E33E-05 1.633E-05[ 6. F35E-05)
Space charge induced change in magnification [M-1 = 1465E-04 1.465E-04( 0.000E+00|
Space charge induced spherical aberration CS miBad"3 0.000E+00 0.000E+00] 2 B5SE-07)
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Worksheet PlotDis

Full Zcreen OndOFF | Expand | Collapse | Plots of Energy and Spatial Digtributions from EDI and SDI Ffiles: DEMO1.EDI and DEMOA4.5D1 Unlack Charts
Section 1 from File: DEMO1.EDI Section 2 from File: DEMO1.EDI
EHERGY DISTRIEUTION  FIT:E0-1.000E+05:4 HD- 50 HERF - 0 MT- 6 FI5-0 ENERGY DISTRIEUTION + FIT: E0- 1, 000E+050 HD- 50 HEXP- S HT- ¢ IFIH- 0
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DOEHOD  ZOE-01 4ME-01  G0E-01 S0E-01  LOE+00  12Es00  4E+00 DOEsiD ZOE-I dOE-01  RAE-i | E0E-id {0Es0d AZE+d0 LdE+Dd O0EsD ZOE-il d0E-il GOE-01 E0E-0d A0Eedi AZEsdi 4d4E+00 1 EEsni
AE
Section 1 from file: DEMO1.5DI1 Section 2 from Ffile: DEMO1.SDI (x-direction) Section 2 from file: DEMD1.5DI (y-direction)
INTERACTION DISF LACEMENT DISTRIEUTION + FIT: HD- 50 HERF -0 HT- 6 FI5-0 SFATIALDISTRIETUTION OF RECTANGULAR SFOT + FIT:HD-100 HERF- 1HT-§ IFIF-3 SFATIAL DISTRIETUTION OF RECTANGULAR SFOT + FIT: ND-100 HERF- 1HT- & IFIi-
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r X ¥
Section 3 from File: DEMO1SDI Section 4 from Ffile: DEMOL1.SDI [x-direction] Section 4 from file: DEMO1.5DI [y-direction)
IHTER&GTION DISFLAGEMENT DISTRIEUTION + FIT: HO- 5 HERF- 0 HT- & IFIH SPATIAL DISTRIETUTION OF RECTAHGULAR SPOT + FIT:HO-100 HEXP-1HT. & FIi-3 SPATIAL DISTRIETUTION OF REGTAHGULAR SFOT + FIT: HO-100 HERP- 1HT- 6 IFIL- 3
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Worksheet PlotPos (Top section)

Diashboard | System | Section |Ml:_in| Ml:_outl MG edi | MIC_=di | MC_po= | MC_cc\rl FlotDi= |PIolPos| FlotCor | Fun= | Fiesult= | FlatFuns1 | FlotFunsz | About | SEttingsl

Unlozk Charts

Full Sereen Ond Ok | Expand | Collapze | Zoom | Plots of Positions from POS File: DEMO1.POS
Same scale similar plots: I ¥ ®&Y azis same scale I Fiz current scale | Scale all plots I Reset automatic scaling I
Show¥ectorPlot Section 1U from file: DEMOD1.POS Section 1P from file: DEMO1.POS Section 1 Displacements P - U from File: DEMO1.POS
UNPERTUREED POZTIONE OF PARTICLES IN PLAME AT 2: T.20000E-01 [m) PERTUREED POZITIONE OF PARTICLES IM PLANE AT 2: T.20000E-01 [m]
3.3E-07
11E-04 11E-04
2.5E-07 -
£.0E-05 6.0E-05 .
1.3E-07
1.0E-05 1.0E-05
3.0E-08
-4.0E-05 -4.0E-05
-T.0E-03
-9.0E-05 -A.0E-05 Arer . .
.AE-D4 -1.4E-04 T T T T T .2 7E-07
4E-04 -3.0E-05 -4, 0E-05 1.0E-05 £.0E-0F 11E-04 -14E-04 -9.0E-0% -4.0E-05 10E-0% G.0E-0F LE-04 -4.4E-07 -53.4E-07 -24E-07 -14E-07 -4.0E-05 G.OE-05 16E-07 2EE-0T S6E-O7
Scale plot | Min scale Mazx scale Margin % Min data Mazx data Scale plot | Min scale Maz scale Margin > Min data Mazx data Scale plot | Min scale Mazx scale Margin Min data Maz data
= -1.40E-04 1.40E-04 B3 -1.260E-04 1.200E-04 X -1.40E-04 140E-04 L4 -.249E-04 1.260E-04) X -4 40E-07 4.50E-07 L4 -3 H29E-07 4.054E-07
Y -140E-04 140E-04 53 -1.260E-04 1.247E-04] ¥ -1.40E-04 140E-04 53 -l.249E-04 1.243E-04] Y -2 70E-0F 340E-07 5% -2 419E-07 3.034E-07
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Worksheet PlotCor (Graphs row 3 and 4)

Show¥ectorPlot From file: DEMO1.COR From file: DEMO1.COR From file: DEMO1.COR
Unpeerturbed positions at 2= 7. 2000E-01m Ferturbed positions at 2=7. 2002E-01m Perturbed paszitions at 2=7.2002E-01 m - Unperturbed positions at 2= 7. 2000E-01m
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1IE-04 11E-04
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1.3E-07
1.0E-05 1.0E-05
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x x oo
From file: DEMO1.COR From file: DEMO1.COR From file: DEMO1.COR
Histogram of unperturbed positions at 2=7.2000E-Mm Histogram of perturbed positions at 2=7.2002E-01m Histogram of perturbed positions at 2= T.2002E-01 m - unperturbed positions at 2= 7.2000E-01 m
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Worksheet PlotCor (Graphs row 5 and 6)

From file: DOEMO1.COR From file: DEMO1.COR From file: DOEMO1.COR
Unperturbed lateral velocities Ferturbed lateral velocities Lateral welocity displacements
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Yilv¥z Yilv¥z DY zi¥z
From file: DOEMO1.COR From file: DEMO1.COR From file: DOEMO1.COR
Hiztogram of unperturbed lateral velocities Histogram of perturbed lateral velacities Hiztaugram of lateral velocity displacements
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Worksheet PlotCor (Vector plot window)

Dazhboard | System | Section |MC_in| MC_out| MC_edil MC_sdil MC_pos | MC_cor| PlotDis ‘ PlotPos | PIulCo|| Funz | Results | PlatRuns1 | PlotRunz2 | About | Settings |
Full Soreen Ont0ff | Ewpand | Collapse [ Zaom | Plots of Co-ordinates from COR File: IBMEL3.COR. Unlack Charts
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Show¥ectorPlot From file: IBMEL3.COR
Unperturbed poszitions at 2= 10E70E+00 m Pel m
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From file: IEMEL2.COR - -
Histogram of unpertubed positions at Z=1.0670E-00 m Histogram of perturbed positions at 2= LOSTOE-00 m Histogram of perturbed positions at 2= LOGTIE-00 m - unperturbed positions at Z=1.0670E+00 m
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Worksheet PlotRuns1

Full £creen Ond OFF Expand Collapz: Plot Results of Selected Buns - Labeled ¥-axis
Expand | Collapse
_I_I Testresults Boersch effect Test results waj. displ. effect and defocus Test results run time
=l TOE-0% 10E+02
- a./r 10E 01
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Run numbers Fun numbers Run numbers
- FWhHOE-BF —— FWhHOE-AP —4— FWEDE-I&S —B FWHIFR-BF —e— FWEOR-AF —— FWEIR-l& —a DZF-MC DZF-1a, —— MIC run time-MC —— MC run time est-18
Specify Plot Data through "Hesults" Row Index
A-Azis Used labels Z 3 4 ] 3 _?| g
Chart 1 33 [FwhIE-EF 1427E-00] 2377E-00] 2.002E.00( 2133E.-00] ZEM4E.00[ 1357E.Q0] 1452E.00
¥-Azis data 35 [FWwEIE-AF 7.936E-01] 9.M42E-01] 2.282E-01] 1026E.00[ 1.023E.00] 116ZE+00] 1123E.00
from Results 88 [ FwEIE-l&S 1136E+00] 1136E.00{ 1136E+00] 1135E.00] 1136E.00] 1135E.00[ 11356E.00
worksheet 1.000E-15]  1000E-15[ 1000E-15] 1000E-15] 1.000E-15] 1.000E-15] 1000E-15
Addtag > @ LODOE-15] 1000E-15( 1.000E-15] 1000E-15] 1.000E-15] 1.000E-15] 1000E-15
Chart 2 41[FwElF-BF 2.452E-07] 4.417E-0F| EOVEE-OV] 7HOBE-OV] 27ME-07] 9.2TEE-07] 9.797E-O7
¥-Azis data 44 [FwE0R-AF 1237E-07] 1700E-OF| 1.332E-07| 224BE-07| Z.32vE-07| 2.306E-07| 2304E-07
from Results [ FwEiR-14a 1.386E-07| 2067E-0F| 1366E-07| 2.0G7E-OF| 1465E-07| 2.0G7E-07| 2.06TE-O7
worksheet 46 [ OZF-MC 4.286E-06] A.02BE-05] 1337E-04] 1703E-04] 1.921E-04| 2.032E-04| 2.06BE-04
Addtag > @ 105 | DEF-18 2079E-04] Z203E-04( 207IE-04] 2R03E-04] 207IE-04] 2208E-04] 2.205E-04
Chart 3 BE [ MC run time-MC| 4.333E-01] 2500E-01] 1100E-+00] 16EYE.QO0[ 2433E.00 ?.4UUE-W| 1.352E.-M
¥-Azis data 158 | MC run time est.-| 5746E-01]  7.ONE-01] 2727E-01[ 1533E.00]| 2264E.00[ E120E.00] 1125E-01
from Results 1.000E-16]  1000E-15[ 1000E-15] 1000E-15] 1.000E-15] 1.000E-15] 1000E-15
worksheet 1.000E-15]  1.000E-15] 1000E-15| 1.000E-15| 1000E-I6[ 1.000E-15]  1000E-S
Add tag > W 1.000E-15] 1.000E-15] 1.000E-15] 1.000E-15] 1.000E-15] 1000E-15] 1.000E-15
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Worksheet PlotRuns1

Full Sereen On0fF | Expand | Cellapse | Plot Results of Selected Runs — Continuous X-axis Unlzck Charts
Espand | Gollapzc
System results Boersch effect System results trajectory displacement effect System results space charge defocus
10E«01 10E-08 L0E-03
LOE.00 l_._.,—fl’—;———_—r‘;}__——_:—_——___‘ 10E-07 1.0E-04
(=) -_ -
: £ g
n
g s :
L& w a
£ Z B
v a
1.0E-01 / 10E-08 1.0E-05
1.0E-02 T T T T T T T T T 10E-03 T T T T T T T T T 1.0E-06 ! ! ! ! ! ! ! ! !
00E.0 S0E- 10E-05 15E-05 20E- 28E. 30E- 35E- 40E- 45E. 50E- 00E.0 G0E- 10E-05 15E-05 20E- 25E. 30E- 35E- 40E- 456 50E. Q0EsD GOE- 10E-05 15E-05 20E- 25E. 40E- 35E- 40E- 45E-  50E-
o 06 05 05 05 06 05 05 0§ o oe 0§ 06 05 05 05 05 05 5 o T
ITARGET-MC ITARGET-MC ITARGET-MC
B FWS0E-BF —&— FWSIE-AP —4— FUWS0E-S, —k FWS0E-ES —&- FW50R-BF —4— FWSOR-5F —4— FUSOR- _mDZF-MC —DZF-IA
Specify Plot Data through ‘Results” Row Index
H-Azis Used: ITARGET-MC B.O00E-OF] 2500E-08) 2RO0E-OE| 492606 9.973E-0F| 2 4E6E.06| 4989E-05
Chart 1 33 [FwEIE-EFP B.E32E-01] BAZE-0] BA3E-0] 6242E-01] 6.360E-01] 3.303E-01] 14Z1E.00
¥-Azis data 35 | FWwhOE-AP B.EG4E-01] BA27E-0] B.92FE-01] EA2FYE-0] E593E-01] 8.483E-01] 1120E.00
from Results T [FWwhlE-1A 4.738E-02] 13VEE-01] 137EE-0M]  2169E-01[ 3409E-01] E43E-01] 9.536E-01
worksheet #8 [FwEBIE- &S 6.742E-01] BAME-M| &S0IE-0M[ EI61E-01] 6.7BEE-01] 26EE-01] 1135E.00
Addrag? W 1L000E-15 1.000E-15) 1.000E-15| 1.000E-15] 1.000E-15] 1.000E-15 1000E-15
Chart 2 41 [FwblR-EF 1.093E-02] B.237E-08] B3RTE-0R[ 10Z3E-OF| 2008E-07] 4.879E-07[ 9.821E-0F
T-Azis data 44 [Fw50R-AF E.32E-03| 2.233E-08| 2233E-08[ 3.860E-0%| 6.442E-08] 1.303E-07[ 2300E-07
from Results 91| FWwEIR-1A S40E-03| 2.894E-08] 3.05IE-08 4.807E-0%| THOSE-02] 1335E-07| 20&TE-O0F
worksheet LOODE-1%] 1.00Q0E-15] 1.000E-15] 1.000E-1 1.000E-15 E-15] 1.000E-15
Addtag? W LOO0E-15| 1.000E-15] 1000E-15] 1.000E-1 1.000E-15 E-15] 1000E-15
Chart 3 46 | OZF-MC B1GE-0G| B.8T0E-06| S.8VOE-06[ 1836E-05]) 2.824E-05 LO0ME-04[ 210ME-04
T-Azis data 105 | DEF-1A 2079E-DE] 1040E-06] 1I04E-06[ 2202E-0H[ 4 41EE-O5] 1104E-04] 2202E-04
from Results 1.000E-16] 1000E-15] 1000E-15{ 1.000E-1G[ 1.000E-15] 1.000E-15] 1.000E-15
worksheet 1.000E-15] 1000E-15] 1000E-15{ 1.000E-16[ 1.000E-15] 1000E-15] 1.000E-15
Addtag? W 1.000E-15] 1.000E-15] 1000E-15{ 1.000E-15( 1.000E-15] 1.000E-15| 1.000E-15
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